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FOREWORD

The pupose of this Toxicological Review isto provide sientific suppat ard rationale for
the hazad idertificaion ard doserespanse nformation in IRIS pettaining to chronic exposure to
tributyltin oxide. It is not intended © be a canprehensive treaise an the chemical or toxicological
nature of tributyltin oxide.

In Section 6, EPA has claractierized ts overall confiderce n the quatitative amd quaitative
agecs of hazad ard dose-response (U.S. EPA, 1995a) Matters considered n this
characterizaion include krowledge gapsuncettainties,qualty of dat, ard scentific
controversies. This characterization is presented in an effort to make agppaent the limitations of
the assessemt ard to aid ard guide the risk assessoin the ersung seps o the risk assessert
process.

For other general information about this assessment or other questions relating to IRIS, the
readerisreferred to EPA’s Risk Information Hotline at202-566-1676.



1.0 Introduction

This document presens the defvation of the roncarcer dosefespaise assessarns for oral
exposure [the oral reference dose or RfD] and for inhalation exposure [the inhalation reference
concertration or RfC], ard the carmer hazad ard doserespmse asseSErs.

The RD ard RiC are neart to provide nformation on long-term toxic efects aher than
carcinogenicity. The Reérence Dase RfD) is based o the assurmption that thresholds exst for
celtain toxic efects suchas cdular necrosis, but may not exst for other toxic efects suchas
some carcinogeric responses. It is expressed in units of mg/kg-day. In gerera, the RD isan
edimate (with uncertainty spaming pehapsanorder of magnitude)of a dally exposure to the
human population (induding snstive subgroups that is likely to bewithout an appreciable risk
of dekterious ron-carcer effects duing a lfetime. The inhalation reference cacertration (RfC)
isa cottinuous hhalation exposure estmate amalogous D the aal RfD. The inhalation RfC
considers toxic efects for both the respratory system (portal-of-entry) ard for effects perpheral
to the respratory system (extrarespratory effects). It is expressedn units o mg/m?®.

The cacinogericity assessert is meart to provide nformation on three aspestd the
carcinogenc risk assessemt for the agehin quesion: the US. EPA classificaion, ard
guariitative estmates d risk from oral exposure ard from inhalation exposure. The chssiicaion
reflects a weght-of-eviderce pdgnent of the ikelihood that the agehis a human carcinogenard
the canditions under which the cacinogeric efects may be expressed.Quartitative risk estmates
are presened in three wag. The dope fctor is the result of gpplication of alow-dose
extrapdation procedue arl is presemed as he risk permg/kg-day. The unit riskis the
quartitative esimate in terms o either risk perpg/L drinking water or risk perpg/n?® air breated.
The third form in which risk is presened is a dinking waier or ar concertration providing carcer
risks of 1 in 10000, 1 in 100000 a 1 in 1,000000.

Dewelopmert of these lazad idertificaions ard dosetespase assessent for tributyltin
oxide has followed he gemra guideines br risk assessemts as seforth by the Natonal
Research Council (1983) Other EPA guideinesthat were used n the dewelopment of this
asessmert include te following: The Rsk Assessmert Guideines(U.S. EPA, 1987) Guidelines
for Developmerta Toxicity Risk Assessmert (U.S. EPA, 1991) Guideinesfor Reproducton
Toxicity Risk Assessmert (U.S. EPA, 19960, (proposed) Guideinesfor Neuotoxicity Risk
Assessmert (U.S. EPA, 19950, the Popaosed Gudelnesfor CarcinogenRisk Assessmert (U.S.
EPA, 1996a) (proposed) Interim Pdicy for Paticle Size aml Limit Concentration Issuesin
Inhalation Toxicity (U.S. EPA, 1994a) Methods for Derivation of Inhalation Reference
Concertrations ard Applicaion of Inhalation Dosimetry (U.S. EPA, 19941, Recanmendaions
for ard Docurnrentation of Biological Valuesfor Use in Risk Assessmert (U.S. EPA, 1988), the
Use d the Benchmark Dose Approachin Heath Risk Assessmert (U.S. EPA, 1995c) ard
Guidarce an Risk Characterization (U.S. EPA, 1995a)

Literature seach strategy enployed br this compound were based @ the CASRN ard at



leastone canmon name. As a minimum, the following datbases wee seached: RTECS, HSDB,
TSCATS, CCRIS, GENETOX, EMIC, EMICBACK, DART, ETICBACK, TOXLINE,
CANCERLINE, MEDLINE AND MEDLINE backiles. EPA also considered n the
development of this document any pertinent scientific information submitted by the pubic to the
IRIS Submisson Desk.

20 Chemical and Physical Information Relevant to Assessments

IUPAC Name Bis-[Tri-n-butyltin]-oxide
Primary Synonym Tri-n-butyltin oxide (TBTO)
CAS Nunber 56-359

Molecular Formula C,Hs,0Sn,

Structural Formula (CH,CH,CH,CH,),Sn-O-Sn(CH,CH,CH,CH,),

Molecubr Weight 59607 g

Boiling Point 220230°C

Melting Point <45°C

Denrsity 1.17 g/cc (20°C)

Vapo Presure 1 x10°Pa @0 °C)

Henry's Congant 2 x 10° kPa x n*mol (20 °C)
Conversion Factor 1 ppb= 266 pg/m?

Tributyltin compounds are used primarily as biocides. Tributyltin deivatives, which are
toxic to gramposttive bacteria, are canbined wih gramnegative bactericides br use as
disinfectarts on suffaces suclas fosptal floors ard spats areras. Formulations which release
tributyltin oxide a tributyltin fluoride n a cantrolled fashion have beenproposed or use as
mollusctides agaist the srails which sewve as ectors for the trarsmisson of schistosomiasis ©
humans

Tributyltin oxide 5 aneffective bocidal presevative for wood, cotton textiles, paper ard
pants and gains for residential homes. Tributyltin oxide is added as an antifouling agent in
numerous formulations of marine pants. Pants containing up © 20%tributyltin prevert the
attachment ard growth of barnackes,plarkton, algae,ard ather orgarisns t ship hulls.



Tributylin is present in most of these antifouling formulations as an organometallic poymer such
as tibutyltin (methaciylic-CO-methylmethactylate) estr, also referred to as OMPR2. Tributyltin
is slowly releasedriom the panted suface ashie pdymer is hydrolyzed n sea wadr, providing
protection aganst ercrudations for aslong as4-5 yeas. See he review by Boyer (1989)for
addtional information.

3.0 Toxicokinetics Relevant to Assessments

A large lody of information denonstrates hat the ciitical effect (the toxic efectthat occurs
at the lowest dose) for TBTO is depression of thymus-dependent immunological responses. No
relevant information on toxicokingics is available.

Some recen sudiessugges that the mechansm of the immunotoxic effects is related to
inducion of apgtosis, programmed cel deah, within the thymus Raffray ard Cohen (1991)
denonstrated hat thymocytes n culture stowed celular charges casistent with ap@tosis at
concentrations of TBTO that did not affect cell viability. Raffray et d. (1993)showed hat these
effects occurindepemnlertly of a requirement for protein synthesis ard do not require fully
conserved erergetcs (hat is, the efects cccur despie depesson of ATP levels to less han20%
of control valueg. Raffray ard Cohen (1993)denonstrated a corelation betweenreducion of
thymus weght in animals given a sngle oral dose d TBTO ard evderce d apgtosis (increased
DNA fragmentation) in thymic cell isolates (principally t hymocytes) isolated from the animals
during the perod of thymic involution. These wakers ako showed that dibutyltin, the mgjor
metabolite o tributyltin, is less effective in inducing apg@tosis in vitro, suggesing that the in vivo
toxicity is directy attributade to tributytin. Pieters etal. (1994)reviewed he accurnlated
eviderce aml ideas egarding the mecharisms involved n the inducion of thymic atrophy.

Orgarotin compounds, including tributyltin, have recenly beenshown to induce apptosis
in immortalized neuronal cell lines (Thompson et d., 1996) There is, howewer, no correlation
betweenthese dad ard on TBTO induced eurotoxicity in vivo.

Data from arother group o researchers sugges that the toxicity of TBTO could be
mediated ly alteration in the stucture d mitochondria ard depesson of ATP synthesis (Hara et
al,, 1994;Yoshizuka etal, 1992a;Yoshizuka etal., 19921).

40 Hazard Identification
41 Studiesin humans

No information was located regarding toxicity of tributyltin oxide in humans following ora
exposure. Human data summarized ly Boyer (1989)sugges that tributyltin oxide s a pdent
non-alergenic de'mal irritant. There are several case reports claiming irritation of the respiratory
tractfollowing acue inhalation exposure of pele to tributyltin oxide (Anon., 1991;Hayard
Singer, 1991;ard Stelton etal,, 1992) None of these reports, however, contains sufficiert



information to characterize he eyposure-respase elationship for the reported effects.
4.2 Prechronic ard Chronic Sudies anl Carter Bioassag in Animals
Oral Studies

Monkeys

Effects of tributyltin oxide (purity 96%) on hemaology and serum dhemistry were assessed
in groupsof 3 ard 4 adul male cynomolgusmonkeys that ingesed daes of 0 ard 0160 ng/kg,
respecively, 6 dayw/week br 22 weekq0 ard 014 ng/kg-day) (Karer etal, 1992) The
tributyltin oxide was disdved n vegetable al ard addeda@ Tween80-augneried pearjuice hat
the nmonkeys diark. Study erdpaints consisted of clinical obsewations, body weight, ard
standard hemaology and clinical chemistry indices, including serum immunoglobulin (IgM and
1gG) levels.

A progressie deceasen tota leukocyte counts occurred duiing the first 10 weeks b
exposute [significartly (p<0.05) lower than controls at weeks 8 ath 10;67% of control value at
week 10]. Leukocytes subsequently increased and were smilar to controls between weeks 10 and
16, but deceased agaibetweenweeks 16 ath 20 61.5% of control value atweek 20,p<005).
No dgnificant dterations in differential leukocyte count, serum immunoglobulins or other sudy
parameters were observed. Based on decea®d bta leukocyte levels, 0.14 ng/kg-day (the only
dose tested) is a LOAEL in monkeys.

Dogs

Groupsof 4 nmele ard 4 emale Beage dogs were treaed wih tributyltin oxide [purnty
95.9% (Batch 1) or 97 4% (Batch 2)] in arachis oil by gavage n dosagesof 0,0.2, 1 or 5 ng/kg-
dayfor 12 nmonths (Schuh, 1992) Study erdpants included dinical Sgns of toxicity, body
weight, food consumption, ophthalmoscopy, hematology, serum chemistry (including
immunoglobulins), urinalysis, dectrocardiology, neurological responses, organ weights, gross
pahology and histology. Gross findings were microscopically examined only "if necessary for
clanfying a dagrosis." Histological exaninations of liver, kidney, heat, brain, spnal cord,
spkeen lymph nodes (meseteric ard iliac), adenals, pituitary ard intestine wee pefformed on al
anmals; other tissues wex examned aly in the catrol and high dose goups.

Five dogs (2 mde, 3 femde) in the high dase group were sacrificed in moribund condition
during weeks 3247. Effects in these ammals included dinical signs (@paty, atacic gat,
emaciation ard delydration), sewerely reduced bod intake amd body weight loss,charges n
clinical chemistry ard urine indices €.g., increased seim GPT, GGT ard inorgaric phosphate,
ard deceased seim abumin, urine pH aml urine spedic gravity), ard histopathology (e.g.,
hepaocellular ballooning and single-cell degeneration, and atrophy of bone marrow, pleen, testis
ard epdidymis). Other charges n treaed dagys ncluded deazased nmbers d circulating
reticulocytes and lymphocytes and serum levels of immunoglobulins in the low and high dose
groups,ard increased seim akaline pfosphatase ad total alpha gbbulins ard atrophy of lymph



nodes in the mid and high dose groups A NOAEL and/or LOAEL based on immunosuppression
or other effects camot be cleaty idertified due ¢ deiciercies wth respectto study conductard
reporting. Study deicierciesinclude () irregular proceduesand sampling proceduesthat are
suggesive d dgnificart protocol devations, (2) daia suggesive o exposure of control arimals to
the test material [i.e., tin was bund in the uine d control arimals after the first dose anl ater 52
weeks & dosing, ard the level of urinary tin increased vih time in both control ard test groups},
(3) appaently incomplete ard lack d amalyses d dosing sdutions for the test ard cantrol groups
(suggesing passible sgnificart dosing erors), (4) consideralde variation in arimal body weights
(and likely ages)in test ard cantrol groups precluding reliable aralyses d body weight, food
consumption ard cther study paameters), (5) insufiiciert histopathology examnations (not
performed on dl gross lesions and inconsistently performed on lower dose animals when findings
were noted athigher doses), ard (6) incomplete tabulations of test ard pretest results precuding
comprehensive assessemt ard campairison of al relevant dat.

Rats

In a cacinogencity/chronic toxicity sudy, groupsof 60 nale ard 60 £male rats were
exposed to dietary tributyltin oxide or 2 years (Weder etal,, 1990,1988,ard 1987) Based on
esimates o awerage lody weight ard food consumption from reported daé, ingesed dsages &
appoximately 0.019,0.19 a 2.1 ng/kg-dayin males ard 0025,0.25 a 2.5 ng/kg-dayin
femdes. Endpants that were evaluated included clinical abnormalities, survival, body weight, and
food and water consumption. Hemaology, urinalyss, clinical chemistry (including
immunoglobulins 1gG, IgM and IgA) and endocrinology (thyroxin and free thyroxin, thyrotropin,
luteinizing hormone, follicle stimulating hormone, insulin) were evaluaed in 10 rats/sex/dose after
appioximately 3, 12 am 24 nonths (endocrinology not asessed at3 nonths). Organweights ard
histology were evaluated in 10 rats/sex'dose ater 12 aml 24 nonths, ard histology also was
evaluated in al moribund rats as well as rats surviving urtil 24 manths.

No treatment-related adverse changes were found in maes or femdes a the lowest dose.
Food consumption was dightly increased in al dose groupsin maes throughout the sudy (P
value rot reported). Water consumption was ncreased athe mid ard high dose goups n males
after week 24 gpproximately 20 am 40%higher than controls, respecively). Urine producion
was ncreased athe high dose atl2 am 24 nonths (males ally at 3 nonths, quartitative dat not
reported), creainine cacertration was deaeasedn the high dose goup at12 am 24 nonths,
ard uiine csmolarity was decgasedn high dose Bmales at24 nonths. No charges wee found in
urinary protein concertration or seum creainine ceamarce. The clarges n water intake ard
urinary indicesare suggesive o impared renal concertrating capady ard may be asociated wih
agerelated degeerative chargesin the kidney.

Hemetological charges ncluded gynificartly increasedtrombocyte levelsin mid ard high
dose females at 24 nonths [30.9% (p<001) ard 455% (p<0.001) higher than controls,
respecively] ard in high dose females at 12 nonths (27.3% higher than controls, p<0001). The
increasen thrombocytes & not considered aderse. Minor charges n total ard differential
leukocyte counts did not show a cansistent respase with increasing dose o exposure time ard



are rot considered hologicaly significart. Significart (p<005 a 0.01) charges n other
hematologic ard related indicesoccured only in high-dose rats at 12 nonths (not found at24
months), including deceased &moglobin, hematocrit, meancorpuscuér volume ard mean
corpusular hemoglobin levels in mdes, and increased serum isocitrate denydrogenase levels
(indicaive d young ernythrocytes)in females.

Serum immunoglobulin levels were sgnific antly increased (p<0.05, Student's t-test) in the
high dose goup. Concertrations of IgA were increasedn both sexes ater 12 am 24 nonths; at
24 nonths, levels of IgA were 508%o0f the cantrol value n males (p<0.001), ard 294%of the
control value n females (p<001). Concertrations of IgG wee significartly (p<0.01) reduced m
females ater 3 nonths (42% of the sardard seum value canpared b 69-71% in controls ard
other treaked goupg ard 12 nonths (80% compared b 124-127%), but not atter 24 nonths or in
males. Concertrations of IgM were increasedn both sexes ater 3, 12 aml 24 nonths; at 24
months, IgM level was258%of the gardard serum value n males (p<0.01), ard 240%o0f the
standard value in femaes (p<0.01).

Other effects accurred predaminartly in high-dose rats, including increased rortality after
approximately week 90 and 96, respectively. At termination survival in femdes in the high dose
group wasb4% versus 74%in controls; survival in males in the high dose group was40% versus
60% in controls. Body weight gan was reduced (P values not reported) in high dose mdes and
femades after week 67 and 81, respectively; terminal body weights a this dose were gpproximately
13% (male) ard 9% (ferale) lower than controls.

Clinical chemistry changes in high dose mdes included sgnific antly (predominantly p<0.01
or 0.001)increagd ®rum akaline plosphatase, alanne anmnotransferase, ard aparate
amnotransferase at3, 12 am 24 nonths. Alkaline plosphatase ¢vels also were increasedn high
dose Bmales, but there wee no consistent charges n alanne aninotransferase @ aspatate
amnotransferase. The increasesn seum erzymes wee less hantwo-fold higher than control
values ad are ot consdered aderse in this study.

Absdute liver, kidney, adenal gland (male anly) ard heat (male anly) weights wee
increased ath thyroid weght (female anly) was deceasedn high dose &ts at study termination;
relative organ weights were not reported. The liver weight was increased 36% and 29%in mdes
ard females, respecively; the kidney weight was ncreased 29%rd 33%in males arl females,
respecively; the adenal weight in males and females wasincreagd 630%ard 44% respecively;
the heatt weight in males was mcreased 13%ard the thyroid weght in females was de@ased
26%.

Treament-related nonneoplastic histological charges @curred in the liver, speenard
thyroid of high dose mdes and femdes. Histologic effects after 12 manths included dight bile
dua changes (characterized by hyperplasia, cellular hypertrophy and minmal infilt ration of
mononuclearcels or by cholargiofibrosis), deceased &mosiderin contert in speen(qualtative
analysis only), and decreased thyroid follicular epithelial cell height. Examination after 24 manths



showed that only the thyroid histologic charges pesisted. There wee no accanparying
significart charges n concertrations of seumthyroid hormones. The inciderce aml se\erity of
agerelated degemrative charges n the kidney [nephrosis and vacudation ard pigmertation of
the proximal tubular epthelium (suggesive d iron ard/or lipofuscin)] were increagd n high dose
mades and femdes after 24 manths.

Based o the canstellation of charges dsewned atthe highestdose,the LOAEL for chronic
toxicity is 2.1 ng/kg-dayard the NOAEL is 0.19 ng/kg-day:.

Mice

Tributyltin oxide (urity 97.1%) wasfed to groupsof 50 nele ard 50 £male CD-1 mice n
dietary concertrations of 0, 5, 25 a 50 ppmfor 18 nonths in a gudy primarily desgned b asess
carcinogericity (Daly, 1992) Based on food cansumption ard body weight daia, mean
compound intake wasreported © be 0, 0.7, 3.7 or 7.7 ng/kg-dayin malesard 0,09, 4.8 or 9.2
mg/kg-day in femdes. Other endpants that were evaluaed includel clinical observations, limited
hematology (total ard differential WBC counts ard RBC norphology in 10 micesexXgroup at12
ard 18 nonths), organweights, gross pathology ard histology. Clinical chemstry ard
immunologic assays were not performed.

Statisticaly significart deceasesn suwival occurred in treated mce d both sexes. In
males, survival ater 18 nonths was67,52,42 am 42%in the catrol, low, mid, ard high dose
group, respecively (p<005, al doses) The overall suwival of the low dose nales (52%) was
within the range d the cantrols (45-78%). Becauselte diference n suwival betweenthe low
dose an control males kecane appaent late in the sudy (begnning at15 nonths) ard was
marked attermination (54% versus 71%in controls), the deceased swival in the low dose nales
is considered treatment-related. Survival in femdes at 18 maiths was 59, 48,40 and 27%in the
control, low, mid, ard high dose group, respecively (p<005 exeptfor low daose group). No
information on causef) of deah was awilable. Other treatment-related efects ncluded
significartly deceaseddod cansumption ard increased adolute ard relative liver weights in
females atthe high dose. Inciderces d gross lver erlargenert ard discdoration were slightly
increasedn both sexes in al dose goups. The gioss Iver charges ae rot considered hologicaly
significart because bthe sight charges ad atserte d hepaic histopathologic aterations.
Increasedriciderces ¢ common spaitaneous ron-neoplastic lesions, paticulady
glomemular/iinterstitial amyloidosis d the kidney, were found. Inciderces d renal amyloidosis
were increagd n females in all dose groups(50, 67.7 ard 784%, respeciively, compared ©
34.8% in controls) but not in maes. The progression of this lesion appeared to be more rapid in
both sexes atthe two highestdases,indicating a canpound-related efect This study idertifies a
FEL of 0.7 mg/kg-day (the lowed dose tested) based on decea®d survival.

Inhdation Studies

Schweinfurth ard Gureel (1987)summarized he results of several short term inhalation
studies in laboratory animals. After a sngle four hour exposure of ras to aerosols o TBTO,



signs o irritation (nasaldischarge, lung edena, ard cangeston of the pumonary circulation) ard
erteritis wee obseved. The LC,, was 77 ng/m? (total paticles) or 65 mg/m® (patticles wth a
diameter <10 pm). In guinea pgs exposed to aepsols of TBTO in olive dl at 200 ngy/n? ard
alove, deah occurred within one rour of exposure. Ten male ard ten female rats were exposed
to aimost saturated vapors of TBTO without a sngle deah occurring duiing exposure for seven
hours or the following 14-day observation period. Only minor clinical sgns (sight nasal
discharge directly after exposure) were noted. For this sudy the authors reported no information
on paticle size a the erdpants evaluated.

An inhalation sudy wasconducted in rats for 29-32 da (Schweinfurth ard Gurzel, 1987)
Rats (10 neles ard 10 £males perdose) were exposed in "nose anly” chantbers for 4 hours to
doses of 0,0.03 (vapa), 0.16 (vapa) or 2.8 (aeosol) mg/n?, 5 day perweek br a otal of 21-
24 reamments. At the hghestdose,se\ere toxic efecis weke produced. Mortality was 510 in
males ard 6/10 in females. In addtion inflammatory reactons in the total respratory tract (not
speciied wrther) ard histological charges (ot further spediied)in the lymphetic orgars were
obsewved. No local or systemc charges wee obsewned atthe lower doses. The auhors,
howewer, did not report what erdpaints were evaluated.

Oral Studies br Carcinogencity

Rats

In a cacinogencity/chronic toxicity sudy, groupsof 60 nale ard 60 £male rats were
exposed to dietary tributyltin oxide or 2 years (Weder etal, 1990,1988,ard 1987) Based on
esimates o awerage lody weight ard food consumption from reported dad, ingesed dsages &
appoximately 0.019,0.19 a 2.1 ng/kg-dayin males ard 0025,0.25 a 2.5 ng/kg-dayin
femdes. Food consumption in mdes was dightly increased in adl dose groupsthroughout the
study (P values mt reported). Increased rortality occurred in the Hgh dose goup ater
approximately week 90 inmdes and week 96 infemaes. At termination survival in femdes in the
high dose group was54% versus 74%in controls; survival in males in the high dose group was
40% versus 60%in controls. Body weight gan wasreduced P valuesnot reported) in the high
dose nales ard females ater week 67 ad 81, respecively; terminal body weights in the hgh dose
group wee appoximately 13% (male) ard 9% (fermmale) lower than controls.

Neoplastic lesions weke examined n the cantrol ard high-dose gioups,ard if differences
were obsewred, the intermedete-dose groups wee also examined r those wmor types.
Increasedriciderces d benign pituitary tumors, pheochromocytomas in the adena medulla, ard
parathyroid adelmmas wee noted. These dad are slown below.

Concentration of ~ Total Pituitary Tumars for Groupsof 50 Rats
TBTO (mg/kg det)

Femde Male
0 22 34
05 32* 39+



5 22 29
50 35** 43***

Statistical amalysis was caried aut accading to Peto, one-tailed ard values narked wih
aderisks differ ggnificartly from control values(* P<0.05; **P<0.01; ***P<0.001).

Concertration of  Total Pheochromocytomas for Groups d 50 Ras
TBTO (mg/kg det)

Femde Male
0 3 16
05 3 13
5 3 14
50 34xFx 3ZHxk

Statistical amalysis was caried ait accading to Peto, one tailed. Values narked wih
agderisks differ agnificartly from the caresponding cantrol values(*P<0.05; **P<0.01;
***P<0.001)

Concertration of  Number of AderomasNumber of Parathyroids Examned
TBTO (mg/kg det)

Femde Made
0 0/64 0/39
05 0/44 2/50
5 1/40 1/51
50 1/44 6/43**

The value marked with asterisks differs sgnificantly (chi-squae test) from the
corresponding cantrol value <*P<0.01).

There ae increasesrn the inciderce d same benign spattaneous umors at the hgh dose n
same erdocrine tissues.Accarding to the auhors, these timors normally occur in this stain of
rats with high ard variade backgiound inciderce Kroesetal., 1981;Wester etal., 1985) The
reported kackgound occurence d pituitary tumors in females was32%ard 55%ard in males
was 34%ard 66% the reported kackgiound occurence d pheocchromocytomas in females was
10%ard 12%ard in males was26%ard 44% The aubors reported ro dat on the backgiound
occurrence of paathyroid tumors.

There was 0 significart erdocrine imbalarce da@unented in the sudy. No significart
change was doserved in the serum levels o TSH, LH, FSH, insulin, total T4, or free T4. There
was, howewer, a deceasen the free T:total T4 ratio for both sexes at12 am 24 nonths in the
high dose group, ard ater 12 nonths at the md dose group. Althoughthe ptuitary tumors
stained for the presere d prolacin, there was 0 correlation betweenthe seum level of
prolactin or the cccurrence d hyperplastic or neoplastic mammary tissue ad the preserce d



pituitary tumor.

Althoughthe dat on tumor occurrence n this study are quesbnable, the wumors in these
erdocrine argars are o urknown biological significarce or a human heath risk assessemt. The
resuks ae aboinconclusive because bthe increased rortality atthe hgh dose anl becausette
dose spacig reduces lhe satistical power of the sudy.

Mice

Tributyltin oxide (urity 971%) wasfed to groupsof 50 nele ard 50 £male CD-1 mice n
dietary concertrations of 0, 5, 25 a 50 ppmfor 18 nonths (Daly, 1992) Based on food
consumption ard body weight data, meancompound intake wasreported © be 0,0.7, 3.7 or 7.7
mg/kg-dayin malesard 0,09, 4.8 or 9.2 ng/kg-dayin females. Statisticaly sgnificart deceags
in suwvival occurred in treaed mce d both sexes. In males, suwival atter 18 nonths was 6752,
42 ar 42%in the catrol, low, mid, ard high dose group, respecively (p<005, al doses).
Suwival in females at 18 nonths was59, 48,40 am 27%in the caitrol, low, mid, ard high dose
group, respecively (p<005 exeptfor low dose goup). No information on cause$) of deah
was awailable. There wee no statisticaly significart increasesn the inciderce d ary tumors or
groupsof tumarsin mdes or femaes. TBTO is not carcinogenic in this sudy in mice.

4.3 Reproducive/Dewelopmental Studies
Oral Studies
Reproducive Studies

A two-gereration reproducton sudy wasperformed in which groupsof 30 nale ard 30
female Crl:CD(SD)BR rats (FO gereration) were fed tributyltin oxide (purnty 971%) in dietary
concertrations of 0,05, 5 ar 50 ppmfor 10 weeksprior to mating ard duiing cdhabitation (7
days), with exposure of females continuing duiing gesation ard lactation (Schroeder 1990)
Groupsof 30 nele ard 30 £male F1 rats were fed the paental diets for 15 weeksard mated to
produce he R2 gereration. Based on food cansumption ard body weight dat, meancompound
intake duing the premating perod was0, 0.02,0.29 ard 295 ng/kg-dayfor FO males; 0.03, 0.34
ard 343 ng/kg-dayfor FO females; 0,0.03,0.36 ard 398 ng/kg-dayfor F1 males; ard 004,
0.44 ard 442 ny/kg-dayfor F1 femaes. Other erdpants evaluated in FO ard FL aduts included
clinical observations, daes of mating and paturition, gestation duration, maernal behavioral
abnormalities, organ weights, gross pahology, histopathology and numbers of implantations.
Evaluaion of F1 ard F2 offspring included mimbers of live ad dead pupsody weight ard
clinical obsewations at birth ard throughout the prewearing perod, sexdistribution, ard gross
pathology on dead ad slected weaerd pupghistology wasnot evaluated).

Body weight gan wassgnificartly (p<0.05) reduced m high dose F1 males ard females

(approximately 19% ard 15%lower than controls, respecively) at the beginning of the premating
growth peiiod, ard remained reduced n males throughout the ertire (15-week) premating pefod
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(>8%, p<001). No ggnificart chargesin body weight gan occured in F1 males during the
postmating perod, athough body weight wassgnificartly lower than controls at week 38 $8%,
p<001) atthe Hghdaose. No treamment-related efects on food cansumption or gross or
histopathology were found in either sex or gereration. Absolute ard relative thymus weights
were dightly but not sgnificantly (p>0.05) lower than control values in FO mdes at the high dose
(8% ard 8% respecively) ard FO females at the high dose (13% ard 17%), ard sgnificartly
(p<001) lower thancontrols in F1 males at the hgh dose (38% ard 31%) ard F1 females at the
high dose (28% ard 2699. No histological chargesin the thymuswere found. The lack d
thymic histopathology does rot necessaly indicate that the deceasesn thymus weght are rot
adwerse, because deeasedhymus weght could be due b immunologically signific ant reduced
numbers o lymphocytes with no accanparying tissue pdtology. Based a deceasedtymus
weight, the LOAEL for patental toxicity is 2.95 ng/kg-dayin males ard 343 ng/kg-dayin
females. The NOAEL for paental toxicity is 0.29 ng/kg-dayin males ard 0.34 nyg/kg-dayin
femdes.

Compound-related reproductive effects and developmental effects were limited to decreased
pup ody weight during lactation in both gererations at the high dose. Body weights were
significartly lower than controls on lactation days 7, 14 ar 21 n F1 offspring (10, 14 am 17%
respecively) ard R2 offspring (14, 17 amd 20% respecively). Other indices wee comparalde to
control values n both gererations. Based a the lack d effects an reproducive pamlameters, the
NOAEL for reproductive toxicity is 4.42 ng/kg-day (the highes dose tested). Based on
decea®d pup waght duiing lactation, the LOAEL for dewelopmenta toxicity is 3.43 ng/kg-day
ard the NOAEL is 0.34 ng/kg-day.

Dewelopmerta Studies

Rats

Groupsof 24 neted female CD Sprague-Dawley rats were treaed wih tributyltin oxide
(purity 96.9%) in corn oil by gavege atdoses of 0, 5,9 o 18 ng/kg-dayon days 6-19 o
gegation (Schroeder 1981) The dases are based on aralysesof dosing solutions (data rot
reported), original asigned dses were 6, 12 aml 24 ng/kg-day. The dans were saciificed ;m
gegation day20. Maternal erdpants asessed included dlnical Sgns, body weight, food
consumption, ard pregrancy efficiercy ard outcome indices pregnarcy rate ard numbers o
implantations, resarptions ard fetuses) Fetal erdpants assessedh¢luded sexdistribution, body
weight, ard exernal, viscerl ard skeetal amormalities.

Clinical signs (staining of the fur in the arogerital area)ard deceased bdy weight gan
during days 6-20 accurred in maternal rats at the md ard high dose. Actualweight gan was
4.5% higher, 1.8% lower ard 26%lower than controls at the low, mid, ard high dose,
respecively. Adjuged weght gan (excluding uterus) was5.5, 222 ard 694% lower than
controls at the low, mid, ard high dose,respecively. The deceasesn acual ard adpsted kody
weight gans were gatisticaly sgnificart (p<001) in the Hgh dose group arl appaently related
to increased esarptions. Based o deceased bdy weight gan ard arogerital staining duiing
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gegation, the LOAEL for meternal toxicity is 9 ng/kg-dayard the NOAEL is 5 ng/kg-day.

Indicatons of developmental toxicity were observed n al dose groups Effects included
dosetelated increasedriciderces d fetal ossficaion variations, paticulaly asynmetric
stemebrae, rudimentary structures anl 14t rib par. Percertages ¢ fetuses wih asynmetric
stemebrae #2 #3 aml #4 anged fom 559-79.0% in treakd s vs. 34.7% in controls, 395-
905% vs. 314% ard 582-934% vs. 446%, respecively. Percertagesof exposed fetuses with
unilateral rudimentary structures, bilateral rudimentary structures and 14t rib par ranged from
10.7-19.9% vs. 8.3% in controls, 23.7-394% vs. 8.3% ard 2.3-182% vs. 0%, respecively.
Increasedriciderces d other ossfication variations (asymmetric stemebrae #1 ad #5, cewical
unlateral, ard bilateral ossficaions, unossfied caudavertelrae)ard sane skektal malformations
(scrambled semebrae anl cleft pakte) were obsewved atthe high dose. Evaluaton of these dad
is complicated ly lack d statistical amalysis ard litter inciderces,however, percertages ¢ fetuses
with atleastone skeétal ossficaton variation were significartly (p<001) increased athe md
ard hgh dose. Other effects accurred atthe high dose, including sgnificartly deceased
percertage d fetuses to implants (86.8% compared © 94.7% in controls, p<001), increagd
percertage d resorptions (132% compared © 5.3% in controls, p<001) ard decea®d Ftal
weight (16% lower than controls in both seyes, p<001). Due b increasesri fetal skektal
ossficaion variations that were evidert at the lowesttested dse aunl dose+elated, this study
identifiesa LOAEL of 5 ng/kg-day for developmertal toxicity.

Postnatal developmental toxicity was evaluaed in Long-Evans rats that were pre- or
postnatally exposed to tributyltin oxide urity 97%) in corn oil by gavage (Crofton etal.,, 1989)
Rats were admnistered doses of 0, 2.5, 5, or 10 ng/kg-day (15-16 rats/group) or 0,12 a 16
mg/kg-day (18 rats/group) on days 6-20 d gesation. Endpaints asessed included naternal body
weight, implantation sites, litter indices (number, Sze and weight) and external maformations.
Addtionally, offspring from the rats exposed to 0-10 ng/kg-daywere evaluated for postnatal
toxic ggns, survival, body and brain weights, developmental landmaks, motor activity and
acaugic dartle response throughday110.

Effects observed ncluded \aginal bleedng in 60 am 75%o0f the rats admnistered 12 anl 16
mg/kg-day, respecively. Maternal body weight gan wassgnificartly reduced atlO am 12
mg/kg-dayard body weight was deceased a6 ng/kg-day. One damin eachof the 10,12 ar
16 ng/kg-daygroupsdied duing the gudy. Litter Sze aml pup lody weight (at postnatal day 1
ard 3) were sgnificartly reduced atl0,12 aml 16 ng/kg-day. Litter Szeson postnatal dayl
were 50, 73 am 96%lower thancontrol valuesat 10,12, ard 16 ng/kg-day, respecively. Pup
suwival on days 1-3 akowas deceasedn these goups. There wek no significart charges n
litter Sze a neonatal pup weght in the goupstreatd wih 25 or 5 ng/kg-day. No clear
treament-related maelformations were observed. Cleft pabte wasfound in 3% (2/71) of 12
mg/kg-day offspring born dead, however, no maformations occurred in live or dead offspring in
the aher dose or control groups Paostnatal mortality wasincreagd (14%) on day21 at10
mg/kg-day, ard body weight gan wasdecea®d o postnatal day5 (but not atdays 1, 3, 10, 15,
or 19) at5 ng/kg-dayard on postnatal days 1, 3, 5, 10, 15,ard 19 at10 ng/kg-day. There wasa
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significant dday in age of vaginal opening in 10 mgkg-day offspring (sexud maturity in maes
was rot atered). There was arappaent trarsient deceasen motor acivity on postnatal day14
a dl doses. Motor activity was gpproximately 60% lower than in controls in the 2.5, 5 and 10
mg/kg-day groupson paostnatal day 14, but not on days 13 a 15 o 21. The appaent trarsiert
decease apostnatal day14 s not considered caonpound related. Motor acivity was sjnificartly
reduced @ postnatal days 47 aml 62 at10 ng/kg-daybut not at lower doses. No effects on
acaustc strtle respanse wee obsewnved n the peratally exposed ets. Whole brain, cerebellum
ard hippocanpusweights were sgnificartly reduced 6llowing exposure to 10 ng/kg-day
(measired an postnatal day110)

In a companion sudy, survival, body and brain weight, developmental landmaks, motor
activity, ard acaustic startle respanse wee assessechithe dfspring of previously unexposed ets
that were treaed wih a sngle oral dose of 0, 40,50 a 60 ng/kg tributyltin oxide a postnatal
day5 ard sacificed o day64. Mortality was ncreasedn rats treaed wih 50 a 60 ng/kg
(32%), ard body weight was25% lower than controls at al dosages(40-60 ng/kg) by day10.
Body weight remained reduced o postnatal day 30, but recovered by postnatal day62 at40 aml
50 mgkg (still decreased a 60 mgkg). No changes in mator activity were observed. Amplitude
of response in the acaugic dartle test wasdecea®d n al groups(40-60 ng/kg) on day22, but
this effectdid not persist to day47 a 62 am was ot accanpaned by significart alterations in
latency to onsetor number of respanses. Whole krain ard ceelellumweights weee significartly
reduced a60 ng/kg (measired an postnatal day64).

Based o deceased bdy weight gan the NOAEL ard LOAEL for maternal toxicity are 5
ard 10 ng/kg-day, respectively. The LOAEL for dewvelopmertal toxicity is 10 ng/kg-day. The
effects observed atthis dose include educed itter Sze,decea®d pup arvival on postnatal days
1 ard 3, increased pstnatal mortality, deceased wegjht gan, deby in vagina openng, ard
reduced maor activity. The NOAEL for developmental toxicity is 5 mgkg-day.

Mice

Groupsof 8 Swas abino mice wee treated with 0, 5, 20 a 40 ny/kg-day doses of
tributyltin oxide (purity >96%) in vegetable oil by gavage on gestation days 6-15 (Baroncelli et
al., 1990) The dans were saciificed o1 gegation day17. Maternal toxicity erdpaints included
clinical 9gns, survival, body weight ard relative organweight ard gross pahology of brain,
kidrneys, liver ard speen Dewelopmental toxicity erdpants included mmbers d implantations,
live ard dead étuses ad resarptions; placeria ard fetal body weights; ard gross exernal
almormalities. Visceanl or skektal examnations of fetuses wes not performed.

No maternal deasths were observed. Maternal body weight and body weight gain were
appioximately 21% ard 50%lower thancontrol values respecively, on gesation day17 atthe
highdose. Weight loss wasrapid duiing the first days of exposure. Other effects at the high dose
included plioerection, lethargy, hunched posture aml vagina bleedng. Relative pleenweight
showed a dge-related decea® canpared b controls (approximately 20-40%, p<005) in al dose
groups. The toxicological significarce d the charge n spkeenweight is urclearas fhstology ard
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other petinent erdpants were not evaluated ard there wee no macroscopic charges n the
spkeen Based a deceased bdy weight gan ard clinical signs, the NOAEL ard LOAEL for
maternal toxicity are 20 ad 40 ng/kg-day, respecively.

Indicatons of developmental toxicity occurred only in the high dose group. Of the 8 dars,
5 hed totally resorbed ltters, 3 had vaginal bleedng on gesation days 8-9 ard 3 hed urdersized
fetuses (gegation day12-13 sze snday17). Fetal body weight wasappoximately 21% lower
thancontrols in the high dose goup. Dose+elated increased f@cena weight (approximately 11,
21 ard 25%at 5, 20 a 40 ng/kg-day, respecively, p<005 al doses) ard deceasd
feta/placenal weight ratio were obsewved, howewer, the toxicological significarce d increased
placena weight is unclear Based a increased esarptions ard deceased bdy weight the
NOAEL ard LOAEL for dewelopmertal toxicity in mice ae 20 ad 40 ng/kg-day, respecively.

Groupsof 118,12,10,22,20,12 am 6 nmated NMRI mice wee treaed wih 0, 1.2, 3.5,
5.8,117, 234 or 35 ng/kg-daytributyltin oxide n olive al by gavage a gegation days 6-15
(Dausetal, 1987) Animals were saciificed o1 gegation day18. Maternal erdpants included
pregraency rate, survival ard body weight. Developmertal toxicity erdpants included
implantations, resorptions, live fetuses fetal weight ard exernal, visceal ard skeétal
abnormalit ies.

Slight maternal toxicity, indicated by reduaad body weight gan (not quantified), was
obsewnved atl1.7 ng/kg-dayard hgher dosages.Fetal effects ako occurred atthese naternotoxic
dosages including dose-related increagd fequemy of cleft pakte. Percertagesof fetuses with
clett pabte were 0.7,0.8, 3,2, 7, 24 an 48%at0,1.2,35,58,117, 234 ard 35 ny/kg-day,
respecively. Because 11ut of a total of 14 ckft pakbte-affected etuses weg clustered in one o
18 afected itters (15 litters were not affected), cleft pakte occurs spataneously in NMRI mice,
ard cleft pakte canbe induced on-spediicaly (e.g., by stress o malnutrition), the investigators
concluded hat the efectis likely secandaly to maternal toxicity rather thana drectteratogenc
effect of tributyltin oxide. Effects doseved at234 ard 35 ny/kg-dayincluded educed aerage
fetal body weight (8 ard 20%lower than controls, respecively), increased amber of fetuses wth
minor skektal amormalities (28 arl 29%compared b 0.5% in controls) (e.g., fusion of bases @
os occipitalis) ard skeeétal variations (43 ard 43%compared b 10%in controls) (e.g., irregular
ossfication of stemebrae ceters). Resaption rate was ncreased a85 ng/kg-day (58.8% vs.
8.3-15.7% in control ard other groups number of resorptiond/litter ard percertage d litters with
resarptions ako were increased) In anaccanparying expetiment, no enbryonic danage
(assessed usng ekctron microscopy) wasfound in mice 26 ad 48 tours after treatment with a
single 30 a 110 ng/kg dase of tributyltin oxide an gesation day10. Based on reduced lody
weight gan in dans ard increased dft pakte in fetusesthe LOAEL for maternal ard
dewelopmertal toxicity is 11.7 ng/kg-day. The nmaternal ard deelopmertal NOAEL is5.8

mg/kg-day.

Pregrant Swiss mice wee treated with 0, 5, 10, 20, or 30 ng/kg body weight on gegational
days 6-15 (Baroncelli et a. 1995) At birth litters were normalized b eight pupsard postnatal
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evaluaion of pup gowth rate ard behavioral observations of dans were conducied. Damweight
gain wasnot impared duiing the exposure peliod (gd 6-15). Damweight gan wasimpared at
10, 20, ard 30 ng/kg (15%, 13% ard 20% respecively) betweengd 16 ad 18. Maternal
weight gan betweengd 6 anl postnatal dayl decea®d n al dose groups(18%, 18% 34% ard
53%, respecively). A highinciderce d eaty parturitions wasobserved n al dose groups
(192%, 120% , 8.3%, ard 143%, respecively, versus 0% in controls). There wasalo a clarge
in debyed paturitions (0%, 16.0%, 27 8%, ard 0% respecively, versus5.9% in controls).

There was no correlation in early or ddayed parturitions with fetal mass. At birth, only the 20
ard 30 ny/kg dose groupsshowed educed itter sze aml reduced pup weht. Only the Hgheg
dose showed a deaa® in number of pupsperlitter. All the reated dars showed a gnificart
increa® in resorptions. The rumber of pupsperimplantation ste was904%, 884%, 806%, ard
88.5%, respecively, versus 96 8% in controls. Body weight gan wasreduced m pupsduring the
first week d life atdoses of 10 aml 20 ng/kg (17% ard 21% respecively), but not at doses of 5
ard 30 ny/kg. Maternal weight gain during the lactation peiiod wasreduced atdoses of 20 ar
30 nog/kg ([data wee impreciely reported). Pastnatal deah rate and growth rate of treaed pups
were affected ly altered meternal behavior. Pups,appaently viade ard with normal weight, were
found often scatered throughout the cage wh sgns of wounds ard the pecertage d dans that
has not built a rest increagd n the 10,20, ard 30 ng/kg dose groups Total alsence d paental
care was oted in many litters, ard many infanticidal everts were reported. Based a the
reduction in maternal weight gan from gd 6 b prd 1, the increa® in ealy paturitions, ard the
increagd rumber of resorptions, this sudy egablished a LOAEL of 5 ng/kg-day (the lowegs dose
tested) for maternal toxicity in mice.

The efectof in utero TBTO exposure on hematological paameters in neonates pups
during rursing, ard dans in the ssme peliod were investigated n Swiss mice Karer etal, 1995,
a companion sudy to Baroncelli et d., 1995) The dans were gavaged atdoses of 0, 5, 10, or 20
mg/kg ody weight on gesational days 6-15. At hirth litters were culled to eight pups Analysis
of blood wasconducied on exces pups Onpost natal days 7, 14, ard 21 te ertire litters were
sactificed andl Hood of dans ard pupswasaralyzed. In dans ard pupsno sgnificart differences
were found in blood composition, or in spleen or thymus weight at any dose. In neonates the only
effect noted was a stisticaly significart increasen meancorpuscuér volume at al doses 9%,
9%, ard 7%at5, 10, ard 20 ng/kg-day, respecively). The efectdid not becane more severe
with increasng dose ard wasnot observed n pupsat ary time point. Accardingly, this charge b
not considered biologically significant. This sudy establishes a NOAEL of 20 mgkg-day (the
higheg dose tested) for effects on blood campaosition in dans, neonates ard pups

Data with mouse limb budsin culture show that a concentration of TBTO aslow as 0.1
pg/mL (50 nM) causes profound mdformations of the skeletal dements of the limb (Barrach and
Neulert, 1986;Krowke etal., 1986) No suggesion of these typesof malformations, howe\er,
have beenobserved n in vivo sudiesby this same research group (Dawvis et al., 1985)

4.4 Other Studies
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4.4.1 Immunotoxicity

A large rumber of studies tave beenconducted stowing that TBTO causes depsson of
immune functions dependent on the thymus. The studies following are grouped accading to
length of exposure. The chronic gudy conduced ly Vos et al. (1990)shows effects on thymus
dependent immune responses a a dose lower than any other toxic effect. Accordingly this sudy
is used ¢ estblish the NOAEL/LOAEL, Berchmark Dose,ard Retrence Dcse.

Immunotoxicity wasevaluaied in four separate experiments in which groupsof 10 nele ard
10 female wearing Sorague-Dawley rats (four to five weeks ¢d atinitiation of treaiment) each
were fed tributyltin oxide (urity 965%) in concertrations of 0,05, 2,5 o 50 ng/kg det for at
leas 28 day (Verdier etal, 1991) The aubhors gated hat this dietary concertration of 5 ng/kg
wasequvalent to a dee of 0.5 ng/kg body weight-day. The dases for the sudy are 005, 0.2,
0.5 ard 5 ng/kg-day. Clinical sgns, body weight ard food ard water consumption were
evaluatd in al arimals throughout the gudy. Henetology (8 sardard indiceg ard serum
chemistry (blood urea ritrogen creainine, akaline plosphatase,asparate aninotransferase an
alanne aninotransferase) were assessechilO rats/sex/dose ater 4 weeks dtreament.
Necmopskes aso were pefformed ater 4 weeks ath included ewluaion of alsdute relative organ
weight (brain, liver, spleen, thymus and iliolumbar lymph nodes) and histology
(ilio lumber/mesenteric lymph nodes and thymus, including thickness of thymic cortex and
numbers of primary and secondary follicles in mesenteric lymph nodes) on 10 rats/sex/dose, and
total cell count and cell viability of splenic and thymic cells in 5 rats/sex/dose. Immunotoxicity
assays were performed on 10 rats/sex/dose ater 34-36 dayg of exposure ard included glenic
plagueforming cel respase b sheep eythrocytes, debyed-type lypersersitivity aganst bovine
selum abumin ard spenic cleaarce d Listeria monocytogeres.

No treament-related efects occured atdoses of 0.05,0.2, ard 05 ng/kg-day. Effects
observed in mdes a 5 mgkg-day included dightly and inconsistently reduced body weight gan
accanparied by slightly reduced dod ard water consumption (not quartified), deceased afolute
liver weight (not quarified), ard 30%deceased dative thymus weght. Cleamarce d L.
monocytogeres wasmoderately suppressed at5 nmy/kg-day[16% (p<0.05) increa® in males ard
18% (p<001) increasen females in the rumber of bacteria perspkerj. The spénic plaque-
forming cel response wassgnificartly (p<0.05) increagd at0.2 ard 5 ng/kg-dayin males (42
ard 37%higher thancontrols). This charge, howewer, is not considered canpound-related as
there was o consistent charges wih increasng dose an al values emained n the range d
historical controls. Based a the reduced hymus weght ard reduced ataiarce d L.
monocytogeres, the LOAEL is 5 ng/kg-dayard the NOAEL is 0.5 mg/kg-day.

Immunotoxicity was ewaluated in weaning SPF-delived Wistar rats fed tributyltin oxide
(purity 95.3%) in dietary concertrations of 0, 5, 20,80 a 320 ppnifor 4 weekg10 nmelesard 10
females perdase); 0, 20 a 80 ppmfor 6 weekg8-10 nales perdose); or 0, 80 a 320 ppmfor 3-
42 day (4-8 males perdose) (Vos etal, 1984;Krajnc etal., 1984) The detary concertrations
of 5, 20,80 aml 320 ppnprovided eimated dases of 0.5, 2, 7 ard 30 ng/kg-day (U.S. EPA,
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1988) The 4week sudywasa dase rangefinding experiment which evaluated ciinical Sgns,
food ard water consumption; hematology, serum chemistry (including IgG ard IgM) ard
urinalysis values; organ weights; and gross and histopathology (thymus, spleen, mesenteric lymph
nodes,liver, thyroid ard adenals). The main objective d the 6week stidy was ealuaton of
immune and endocrine function. Immunologic endpaints included mitogenic responses of thymus
ard spkencels to phytohemaggltinin (PHA), concaravalin A (Con A), pokeweed ritogen
(PWM) or E. cdi lipopolysacclaride (LPS); numbers d viade nucleated spénic lymphocytes
(subpopulations of T ard B cels deermined Ly cel surface narker aralysis); debyed-type skn
hypersersitivity reacton to ovalbumin ard tuberculin; resistarce © oral infection by Trichinella
gpirdlis larvae; 1gG, IgM and/or IgE responses to sheep red blood cells, ovalbumin, T. spiralis and
tetanus toxoid; splenic clearance of Listeria monocytogenes, phagocytizing and killin g capecity of
spkeenard pertonealmacrophages,natural cel-mediated cyotoxicity of speenard pertoneal
cells, and susceptibilit y to endotoxin from E. coli L PS. Endocrine function was assessed by
measurement of serum concentrations of thyroxin, thyroid stimulation hormone (TSH), insulin,
luteinizing hormone (LH), follicle stimulating hormone (FSH) and corticosterone. Hematology,
selumiron, seum isocitrate delydrogerase aavity, ard histology of thyroid ard pituitary also
were evaluated in the 6week sudy. Inthe 342-daysudy, ssrumIgM ard IgG cancertrations
were measured up to exposure day 42 and number and viabilit y of thymus, spleen and bone
marrow cels were asessed up b exposure day20.

Charges dsewved n the 4week stidy included gynificartly reduced §G levelsin males at
7 mg/kg-dayard both sexes at 30 ng/kg-day (39% ard 61-70% lower than controls,
respecively), increagd IgM levels in both sexes at 7 ard 30 ng/kg-day (32-45% ard 51123%
higher), reduced éukocyte count in males at 7 ng/kg-dayard both sexes at 30 ng/kg-day (15%
ard 3943% lower thancontrols, respecively). Other effects included dee+elated, sightly
increased seim alanne aninotransferase advity at 2 (males aly), 7 ard 30 ng/kg-day, siightly
increased asptate aninotransferase advwity at 7 (females ally) ard 30 ng/kg-day, deceased
relative thymusweight at 7 ard 30 ng/kg-dayard reduced srum insulin, serum glucose, liver
glycogenard weght gan at 30 ng/kg-day. Food ard watr intake wee reduced gpproximately
50% lower than controls) ard enacation wasappaent at 30 ng/kg-day. Lymph nodesshowed
eviderce d hemorrhage érythrocyte rosetes) in all exposure groups tat was dee+elated in
inciderce aml sverity; at 0.5 mg/kg-day, 7/10 nales ard 2/10 &males had few to moderate
rosettes compared to 1/10 inmae and 0/10 infemde controls. Other histopahologic changes in
the 4week stidy included sght ard marked atophy in thymic cortex (caused Y lymphocyte
depktion) at 7 ng/kg-day (2/10 nales) ard 30 ny/kg-day(9/10 nales, 10/10 emales); dight ard
dight-to-marked glenic arophy at 7 ng/kg-day(1/10 nales, 2/10 £males) ard 30 ng/kg-day
(9/10 mdes, 10/10 femdes); and dight and dight-to-marked centrilobular hepaocyte atrophy
accanparied by deceased gicogenat 7 ng/kg-day (0/10 neles, 3/10 females) ard 30 ny/kg-day
(9/10 neles, 10/10 females), respecively. Hepaic multifocal necrosis (parerchyma) ard hile duct
hypemplasia ako occured at30 ng/kg-day.

In the 6-week sudy, immunity was suppressed at2 ard 7 ng/kg-dayasshown by
significartly deceased deled-type typersersttivity reactons to ovalbumin (43 ard 55%lower
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thancontrols atter 24 hours), deceasedesistarce © T. spralis infecion (counts o larvae n
muscle were 43 ard 167%higher than controls; deceagd exulsion of adut worms from small
intestine, inflammatory reacton in parsitized nuscle, ard reduced srum IgE titers); suppressed
respanse d thymocytes b simulation with PHA ard PWM; reduced mimbers o TSH- ard LH-
immunoreactve ptuitary cels; impared spenic cleaarce d L. monocytogeres; ard reduced
activity of pelitoneal cytotoxic (adherert) macrophages. Henmetocrit ard insuin levels also were
reduced a ard 7 ng/kg-day. Other effects found at7 ng/kg-dayin the 6week sudy included
deceased deled-type typersersitivity reactons to tuberculin, reduced mmber of spenic T-cels,
suppressed response of thymocytesto Con A simulation ard response of spleencelsto Con A,
PHA and LPS stimulation; reduced 1gG titers to sheep red blood cells; reduced natural killer cell
activity in spkeen deceased semmiron, thyroxin ard TSH; deceased atdlute ard relative
thyroid weight; flattened epithelial lining in thyroid follicles; and increased LH and serum
isocitrate delydrogerase aatity.

Effects doseved n the 342-daystudy included gynificartly deceased seim IgM
concertrations at 7 ard 30 ny/kg-dayatter 42 aml 28 dayg, respecively, ard deceaseddG at30
mg/kg-dayatter 28 dag. After 20 dag exposure, Sgnificart deceagswetre found in thymus
spleen and bone marow cell counts and body weight a 7 and 30 mgkg-day, and viabilit y of
thymus ard pleencels at 30 ng/kg-day.

Based o the remorrhagic charges n lymph nodes n the 4week sudy, the LOAEL is05
mg/kg-day. A NOAEL wasnot idertified.

Immunotoxicity wasevaluaied in groupsof 8, 4 ard 8 nale Wistar rats fed diets containing
0, 5 or 25 ppmpure tributyltin oxide, respecively, or 0,5 ar 25 ppmcommercial tributyltin oxide
(80% pure cattaining various urspeciied sdverts ard/or dispesarts), respecively (Bressa egl.,
1991) Half of the ratsin the cantrol ard 25 ppmgroupswere treaed or 1 week,ard the
remaining rats in these goups as welas te ratsin the 5 ppmgroups wee treaed or 4 weeks.
Based on reported aerage tn consumption, the 5 anl 25 ppmdietary levels of pure axide
provided deagesof 0.4 ard 14 nyg tributyltin oxide/kg-day, respecively, ard that the 5 aml 25
ppmcommercial oxide dets provided d@agesof 0.3 ard 1.7 nyg tributyltin oxide/kg€day. Body
weight ard food cansumption were asessed throughout the gudy. Rats were saciificed bllowing
the last exposure and gross pahology was ewluated in magjor orgars ard liver, speen thymus arml
brain were weighed. Histological exaninations were performed on the tissueshat were weighed
as well as on mesenteric lymph nodes.

After one week 6 treament, rats exposed to pure tributyltin oxide at1.4 mg/kg-day,
showed sgnificartly increased dative liver weight (42%, alsdute weight not affected),
histological charges ndicatve d atrophy ard lymphocyte depktion in the thymus catex, ard a
deceasen thymus-depemlert lymphocytes in the speen Thymus weght was ot provided br
this time-point. After 4 weeksexposure to 1.4 ng/kg-day, body weight gan, food cansumption
ard relative ard alsdute thymus weghts wee significartly reduced,howewver, normal thymic
histology was amost completely restored and no other treatment-related changes in organ weight

18



or histology were found. Following 4 weeksexposure to pure tributyltin oxide at0.4 ard 14
mg/kg-day (2/4 ard 8/8 wts, respecively) or commercial tributyltin oxide at0.3 ard 1.7 ng/kg-
day (2/4 and 8/8 rats, respectively), lymph nodes were markedly hemorrhagic and partially
atrophic. Based on lymph node hemorrhage,this sudy idertifiesLOAELSs of 0.4 mg/kg-dayfor
pure tributyltin oxide aml 0.3 ng/kg-dayfor commercial grade tibutyltin oxide. A NOAEL was
not established.

Effects d TBTO exposure on resistarce © cytomegabvirus wee investigated n male
Wistar rats that were fed TBTO (purity 95.3%) at 0, 20, or 80 ng/kg det for sx weeks(Garssen
etal 1995) The treaed det provided appoximate doses of 0, 2, or 8 ng/kg kody weight-day
(USEPA, 1988) After 9x weeksof treatment, rats were inoculated (.p.) with 10E+5 plaque
forming urits of cytomegalbvirus Exposure to TBTO in the det continued duimg the infection
peniod. At 15,17, or 20 dag after inoculation, virustiters were deermined n five rats in the
salvary glard, lungs, ard spkenby plague assayThere was arsignificart increase P<0.05) in
virustiters at both doses in salivary glard at15 aml 17 dag, but not at 20 da post infection.
There was a ginificart increase P<0.01) in virus itersin the lungs ally at 15 dag post infecion
ard only atthe lowestdose. There was a gnificart increase P<0.05) in virus iter in the speen
in the highdose at 17 day, but not at 15 a 20 day, post infecion. This sudy idertifiesa
LOAEL of 2 ng/kg-day, the lowed dose tested.

Van Loveren etal. (1990)measired he efectof TBTO on natura killer activity in the rat
lung. TBTO (purity 95.3%) wasadded o the det of wearling Wistar rats (number not specfied)
at a cocertration of 0, 20, or 80 ng/kg. Estimated dases were 0, 2, or 8 ng/kg body weight-day
(USEPA, 1988) After ax weeksof dasing, rats were saciificed an body weight ard the weght
of the thymus, spleen, mesenteric lymph nodes, liver, and kidneys were determined. Lymphoid
cel suspesions weke obtained afer erzymatic dispesion of lungs aml puificaion over nylon
wool columns. Natural killer cell activity was measured usng afour hour release assay using
>!Cr-lakeled YAC lymphoma target cels.

At 8 ng/kg-daythere wasa depession of body weight (93% of control), spleenweight
(89% of control), ard thymus weght (80% of control). There was a gnificart (P<0.05)
decrease in natural killer cell activity when measured by specific release of >'Cr pe culture & an
effector to targetcel ratio of 100 atboth doses, but not at cel ratios of 25 aml 50. Becaus there
was a gjnificart increasen the rumber of celsisolated perung atthe lower dose,whenthe daa
were expressed as spéid release pelung, there was o significart effectat ary cel ratio at
either dose. There was,howewer, a sgnificart (P<0.05 by variarce amlysis) overall trerd for a
decrease in natural killer cell activity with increasing TBTO exposure. Based on the decreased
thymusweight, this sudy egablishes a LOAEL of 8 ng/kg-dayard a NOAEL of 2 ng/kg-day.

Effects d tributyltin oxide eyosure on resistarce D virus-ard bacteria-induced
preunonia wee evaluatd in weariing F344 rats that were fed 0 a 150 ppmtributyltin oxide
(purity 9699 in the det for up © 18 weekgqCarthew etal, 1992) The treaed det provided an
appioximate dosage d 16 ng/kg-day (U.S. EPA, 1988) After 6 weeksof exposure groupsof 8
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rats (tributyltin oxide-exposed or unexposed mdes or femdes) were intranasally infected with
preunonia vrus d mice PVM). Four rats from eachgroup wee killed 7 or 10 days after
infection for histologic evaluation of any lesions dueto persistence of the virus Other groups of
tributyltin oxide-exposed @ unexposed &ts (8/seX) were intrarasaly infected with Mycoplasna
pulmonis ater 6 weeks.A one-week pelod was usedadr the bacteria to estblish as a
nasopharyngealcommensal, after which the rats were infected wih PVM. Pulmonary histology
and recovery and immunochemical damonstration of M. pulmanis was assessed in 4 rats/group at
1 ard 3 nonths after PVM infecton. For al groups d treaed s, the clemcal exposure was
maintained throughout the periods of exposure to either microorganism urtil the time of sacrifice.
Body weight, thymus weight and liver histology were the only non-pulmaonary endpants reported
to have beenassessedjfoups d 4 rats/sex evaluated), howewer, it is not indicaied whether these
rats were exposed © PVM or PVM in conjunction with mycoplasna.

No statisticaly significart increasen the exent or persistence d PVM-induced ling
lesions indicative d chronic infection (e.g., inflanmation, focal necrosis) was bund in the
tributyltin oxide-exposed ets. Evaluaion of the rats infected wih M. pulmonis stowed that
susceptibilit y to secondary mycoplasma prneumaonia aso was not increased by tributyltin oxide
exposure. Effects observed n tributyltin oxide-exposed rats included educed lody weight gan
(27 ard 16%lower thanunexposed cantrols in males ard females, respecively), reduced elative
thymusweights (28 ard 225% lower than unexposed cantrols in males ard females, respecively),
and increased incidence of cholangitis with severe hiliary retention dueto obstruction of the
extrahepatc bile duct (33 aml 66%prevalerce n males ard females, respecively). These efects
idertify a LOAEL of 16 ng/kg-dayin rats, the anly dose tested.

In asubchronic immunotoxicity sudy (Vos et d., 1990,a canparion to the chronic gudy
summarized lelow), aged 1-yearold) male Wistar rats were exposed b the sane diets usedn
the piincipal study for 5 nonths. Based a the auhors satenert from the chronic sudy (see
below), egimated campound intake was0, 0.025,0.25 a 2.5 ng/kg-day. Endpants were the
same assome of those ewaluated in the chronic gudy, including body weight (12 rats/group),
albsdute thymus aml speenweights (12 rats/group), resistarce © infection by T. spralis larvae
(5-12 rats/group) ard L. monocytogeres bacteria (6 rats/group), ard natural cel-mediated
cytotoxicity of spkeencels (numbers of rats evaluated not reported).

Compound-related efects occured only in the igh dose group amd cansisted of
significartly deceasedilymus weght (39% lower thancontrols, p<001), impaired resistarce o
T. spiralis [indicated by increagd recovery of adut worms from the small intestine (780%higher
thancontrols, p<001) ard number of larvae h muscle (80% higher, p<0001)], impared
resistarce © L. monocytogeres (indicated by appioximately 300%increagd $lenic backernal
court, p<005). This sudy idertifiesa sibchronic LOAEL of 2.5 mg/kg-dayard NOAEL of 0.25
mg/kg-day for immunotoxicity in aged rats.

Subchronic and chronic immunotoxicity sudies were conduded in which weanling SPF-
derived Riv:TOX Wistar rats were fed bis(tri-n-butyltin) oxide (tributyitin oxide, purnty 95.3%) in
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concertrations of 0,05, 5 a 50 ppm Male rats (females rot tested) were evaluated following
exposure to TBTO for up © 18 nonths (Vos etal, 1990;Krajnc etal,, 1987) The auhors
reported he 5 ppmdietary concertration to be equivalent to a dese of 0.25 ngy/kg-day; indicating
that esimated test doses were 0.025,0.25 ard 25 ng/kg-day. Body weight, alsolute thymus
weight ard alsolute spleenweight were measired n groupsof 18,12 aml 12 @ts, respecively,
following exposure for 4.5 nonths. Immunologic function studies br spediic ard nonspecfic
resistarce wee performed in 9-12 rats pergroup afer 4-6 or 15-17 nonths of exposure.
Antigenspeciic functional assag evaluated IgM ard 1gG respanses b sheep ed dood cels
(immunized after 16 maiths); IgM and 1gG responses to ovalbumin and ddayed-type
hypersersitivity (24-, 48-ard 72-hour) responses to ovalbumin ard Mycobacternum tuberculosis
(immunized after 6 or 15 manths exposure); resistance to oral infection by Trichinella spiralis
larvae {nfected afer 5.5 or 165 nonths). Nonspecfic resistarce was assessey spknic
clealarce d i.v. injected Listeria monocytogeres kacteria (after 5 or 17 nonths exposure), ard
natural cel-mediated cyotoxicity of spkeencels (after 45 or 16 nonths exposure) ard peitoneal
cells (after 4.5 months exposure only) using a four-hour >*Cr-release assay with YAC-lymphoma
targetcels. Non-spediic erdpants included he rumbers d viale nucleaed hymus aml spken
cels, ard respanses @ thymus aml speencelsto T-cel ard/or B-cel mitogers
(phytohemagglutinin, concaravalin A, pokeweed ritogenard/or E. cdi lipopolysacctaride) atter
exposure for 45 months (thymus aml spker) or 16 nonths (spleenonly); ard numbers o vialde
nucleaed neserteric lymph node cells with cel suface narker aralysis (after 6 ard 18 nonths
exposure; low dose group rot tested n this asay).

No significart effects were obsenved n the IgM or 1gG responses o sheep ed blood cels,
the IgM or IgG responses b Trichinella spralis, the IgM or IgG responses b ovalbumin, or the
delyed-type typersersitivity respanses b ovalbumin ard mycobacierium tuberculosis.

Thymusweight wassgnificartly reduced i the high dase group (17% lower than controls,
p<0.05), athoughthe response of thymocytesto T-cel mitogers wasunaltered. No sgnificart
alterations in spleen weight, response of spleen cells to T- and B-cell mitogens or body weight
were found atary dose. Statisticaly significart charges @curred in the pecertage d meserieric
lymph node T-lymphocytes in the hgh dose group (20% lower than controls atter 18 nonths
exposure) ard B-lymphocytes in the md dase group (60% higher than controls atter 18 nonths)
ard in the hgh dase group (48% higher thancontrols after 18 nonths), howewer, the alsolute
numkber of T-lymphocytes and B-lymphocytes per lymph node were not significantly dtered. The
low dose goup was ot tested wih these assay The B-cel increase was aimcreasen the
percert of B-cels but the interpretation of these da is equivocal becausehey are caunter-
intuitive whenviewed n context with the aher effects, espeally the IgE titers.

In vivo cleaarce d injected L. monocytogeres was iinpared in rats exposed b the high
dose br 17 nonths, as slbown by appoximately seen-fold increased amber of vialde bacteria
per spken indicating that macrophage tunction was educed. Resstarce D infection by T.
spiralis wassuppressed in rats exposed to the md or high dose, asshown by sgnificartly reduced
serum IgE titers (50 and 47% lower than controls after 16.5 months exposure), increased
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numbers of larvae n muscle 42 day after infection (56% ard 306%higher than controls after
165 nonths), ard noderately reduced mflanmatory reacton around cysts in palesitized
muscubture (Qualtative assessemt only).

There was no sgnificant redudion in the activity of natural killer cells isolated from the
peritoneum following exposure of weariing or aged {-yearold) ratsto TBTO for 4.5 nonths.
Also there was no sgnificant redudion in the activity of natural killer cells isolated from the
spkeenfollowing exposure of wearting rats for 4.5 nonths. In contrast, the actvity of natural
killer cells isolated from the spleen was suppressed whenwearing rats were exposed to al doses
of TBTO for 16 nonths (31, 25 ar 36%lower than controls, respecively, at aneffector to
targetcel ratio of 100,ard 32,18, ard 30%lower, respecively, ataneffector to target cel ratio
of 50). Based on these dag, the efectdid not progress sgnificartly with dose. The auhors
consdered hese dat equvocal in this experiment. Becausehere was 0 cleartreatment related
effect, EPA will not use the suppression of natural killer cell activity from this gudyto estimate
the reference dese.

Essentially identical results on the immune system were observed following 4.5 or 165
months of exposure. Based a the depesson of IgE titers ard increasen T. spralis larvae n
muscle following 165 manths of exposure, the LOAEL for immunotoxicity is 0.25 mgkg-day.
The NOAEL is 0.025 ng/kg-day:.

Developmental | mmunotoxicity

Effects of prenatally administered tributyltin oxide on the developing immune system of
mice wee evaluaied in a gudy reported asanalstract (Buckiova etal., 1992) Unspecfied
numbers o pregrant ICR mice wee treaed wih 0.1 ng/kg-dayof tributyltin oxide n Tween
80:etanol:saline (1:2:97) by gavage o gesation days 4-17 a 11-17. The females were alowed
to ddiver and humara and cell- mediated immune responses in offspring were assessed 4 and 8
weeks after hirth (types of assays were incompletely reported). Other endpants included
embryolethality, postnatal mortality and postnatal growth.

Effects in the e)posed offspring included sippressed primary artibody responses to sheep
red bood cels, ovalalbumin ard lipopolysaccharide, ard increased amber of leukocytes.
Suppessed debyed-type typersersitivity to sheep ed dood cels ard urspectied aterations in
polyclonal proliferative respases & thymocytes anl spenocytes weke also obsewnved;the seerity
of these efiects was geatr in the nice exyosed m gesation days 11-17 thanfrom gesation day
4. This sudyidertifiesa LOAEL of 0.1 ng/kg-day (the only dose tested) for developmental
immunotoxicity. The sgnificance of this value, however, is urclear because bdeiciercies n
reporting information on experimental desgn ard results (e.g., quartitative dag, numbers of
animals, compound puiity, &c.).

A study comparing immunotoxic effects in pre-weanlings and adult rats shows that some
responses of the developing immune system are more sensitive to TBTO (Smialowicz e d.,
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1989) Adult (9 weeksold) male Fischer rats or pre-wearing rats (3-24 day old) were daosed by
oral gavege tree tmes perweek br a tal of 10 deses. The aduls were dosed with 5, 10, or 20
mg/kg perdose; the pre-weaningswere dosed with 2.5, 5, or 10 ng/kg perdose. Reductonsin
mitogenresponses were observed n aduts at 10 am 20 ng/kg ard in pre-weaningsat5 ard 10
mg/kg. The mixed ymphocyte reacton wassuppressed in aduts at 20 ng/kg ard in pre-
weanlingsa 10 mgkg. Fnally, natura Killer cell activity was suppressed only in pre-weanings at
10 ng/kg.

4.4.2 Neurtoxicity

Triethyltin and trimethyltin compounds have been shown to cause severe neurotoxicity (for
a siImmary, see Boyer, 1989) Triethyltin caugs interstitial edena throughout the white nretter in
the spnal cord ard various regions o the lrain, less narked danage acurs in the perpheral
nervous swtem Trimethyltin also causes s&ve ard pemarent danmage b the cerral nervous
system In this case howewer, the efectis neuronal necrosis, rather thanedena. TBTO, in
contrast, causes o se\ere neurological signs a morphological or histopathological charges n
brain tissue. In a four week sudy, a detary concertration of 320 ppm(equivalent to 30 ng/kg-
day) rats exhibited ptosis or enophthalmia and dight ataxia (Kranc et d., 1984) Ore chronic
studyin dogsalso gawe a sight suggesion of neurotoxicity (atactic gat ard apahy). As noted
alove, howewer, this study is significartly flawed.

Crofton et al. (1989)measired lrain weight ard notor acivity in developmerta sudies
(see Sedbn 4.3.). There wassome suggesion of neurotoxicity at exposures in exces of 10
mg/kg-day, but no reported efects at 5 ng/kg-day:.

Althoughthe potential for neurotoxicity has not been completely investigated with focused
studies there is no suggesion that neurotoxicity is a Ikely critical or co-critical effect

4.4.3 Gerotoxicity

The gemrtic efects o TBTO were evaluated in multiple in vivo ard in vitro short-term
tests (Davisetal, 1987) The prepaderance d the dat show that TBTO is not gerotoxic in
short-term tests usng a wie \ariety of geretic erdpants. At cytotoxic cancertrations, TBTO
was nutageric in one kacteria strain, clasbgeric in Chinese lamster ovary celsin vitro, ard
produced miaonudei in mouse bone marrow cells in vitro.

TBTO was not mutagenic in the rec assay in B. sulitilis, did not induce reverse muations in
K. preunoniae,did not produce pant mutations in S. typhimurium stains TA1530, TA1535,
TA1538,TA97,TA98,0or TAL100 n the presrce d alsence d a rat liver acivation system
TBTO wasmutageric in S. typhimurium gain TA 100 n fluctuaton test, but only in the pesrce
of rat liver S9 (Arochlor-induced). TBTO did not inducae gene mutations in S. pombe, mitotic
gere conversionsin S. cerevisiae,nor sister-chromatic excharge n Chinese lamster ovary celsin
the preserte a alserce d rat or mouse iver S9. Structural chromosamal akerrations,
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erdoredupicated aml pdyploid cels were induced n Chnese lamster ovary cels. TBTO did not
induce gene mutations in V79 Chinese hamder cells or in mouse lymphomacells. TBTO did not
induce recessive lethal mutations in adult mde D. mdanogaster, either by feeding or injection.
Doses of 0.37 a 0.74 nmM did not increa® the rumber of X-linked recesive mutations. An
increased amber of micronuclei was doserved n paychromatic eythrocytes d male BALB/c
mice 48 lours after a sngle oral dose of TBTO (60 nyg/kg lw). A lower dose (30 ng/kg bw)
was neffectve. Neither dose nduced nicronuclei 30 hours ater treament.

Onre report denonstrates that TBTO ard triphenyltin chloride (TPTC) are coclastogers in
a wiole mammalian system (Yanmada ad Saski, 1993) The frequemy of micronuclei induced
by mitomycin C in mouse peipheral reticulocytes was ehanced appoximately 50% when50
mg/kg TBTO ard 100 ng/kg TPTC were given orally to mice. No effect wasobserved wrenthe
chemicals were administered separately.

45 Synthess ard Evaluation of Major Noncarcer Effects ard Mode d Action

A large rumber of studies tave beenconducted stowing that TBTO causes depsson of
immune functions dependent on the thymus. These effects occur at doses lower than doses that
cause ther toxicity. See te table kelow. Accardingly, the ciitical effectfor TBTO is
immunotoxicity. See Section 3 for a discussion of potential modes of action.

Toxicity Species Study Endpoint LOAEL NOAEL Ref.

General

Monkey 22 weaks Decreased 0.14 - Karrer ¢ al.
leukocytes 1992

Dog 12 nonths - - - Schuh 1992

Rat 24 months Chronic 21 0.19 Wester ¢ 4d.
toxicity 1987,1988,

1990

Mouse 18 nonths Decreasal 0.7 (FEL) | - Daly 1992

suwival

-
Reproductive

Rat 2 gen. Parental 2.95 0.29 Schroader
Repro. - 442 1990
Deveop. 343 0.34

|| Devdopmental ||
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Rat gd 6-19 Maternal 9 5 Schroeder
Deveop. 5 - 1981
Rat gd 6-20 Maternal 10 5 Crofton &
Deveop. 10 5 al. 1989
Mouse gd 615 Maternal 40 20 Baronddli et
Deveop. 40 20 a. 1990
Mouse gd 6-15 Maternal 117 5.8 Davis ¢ al.
Deveop. 117 58 1987
Mouse gd 615 Maternal 5 - Baronddli et
al. 1995
Mouse gd 6-15 Develop. - 20 Karrer ¢ al.
1995
|
Immune System
Rat 28 days Thymus 5 05 Verdier ¢
dependent al. 1991
immunity
Rat 4 weeks Lymphnode | 0.5 - Vos ¢ 4.
hemorrhage 1984;
Krajnc & al.
1984
Rat 1 we; Lymphnode | 04 - Bressa e 4.
4 weeks hemorrhage 1991
Rat 6 weels Virustiters | 2 - Garssen et
al. 1995
Rat 6 weels Reduced 8 2 Van
thymus Lovaen &
weight al. 1990
Rat 18 week Reduced 16 - Carthew et
thymus al. 1992
weight
Rat, aged | 5 months Thymus 25 0.25 Vosd d.
dependent 1990
immunity
Rat, 18 nonths Thymus 0.25 0.025 Vos ¢ al.
weanling dependent 1990
immunity
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Devdopmental

Immune System
Mouse gd 4-17 Humoral 01 - Buckiova &
and cdl a. 1992
mediated (abdrad)
immunity
Rat 10 dosesto | Depressel 5 25 Smialowicz
pre- mitogen et a. 1989

weanlings respone

46 Weight of Eviderce Bvaluaion ard Carcer Classiication

There ae ro dat in humans conceming deelopmert of carcer following exposure to
TBTO. Carcerhioassay following oral exposure have beenconducted in rats ard mce. The
bioassay in rats shows increases in benign pituitary tumars, in pheochromocytomas, and in
parathyroid tumors at the highestdose ested. The sgnificarce d these timors, which normally
occurin this strain of rat with variade inciderce, is urclear The koassayin mice stowed ro
increasen tumors at ary site. A large rumber of geretic toxicity studies slow that TBTO is not
gerotoxic. There ae ro gructure-acivity relationships suggesing that TBTO might be a
carcinogen Because bthe quesbnable dat from the oassayin rats, EPA assgns TBTO to
categay D (underthe 1986 cacer guideineg or to the "camot be deermined” categay (under
the 1996 poposed carer guideines.

47 Other Hazad ldenificaion Issues
4.7.1 Possible Childhood Susceptibilit y

There is same eviderce that a chld might be more sersitive to the toxic efects d TBTO.
For exanple, Smalowicz etal (1989)showed that pre-wearling rats were more sensitive than
adut rats. In addtion, the piincipal gudy (Vos et al., 1990)showed hat immunotoxic effects
were observed wrenwearing rats were dosed for 4.5 or 165 nonths. A companon sudy (Vos
et al, 1990)showed hat these efects were alsent or occurred ata hgher dose whenaduts rats
(1 yearold) were dosed br 5 nonths. As the reference dse & based o the efects doseved
when weanlings were dosed for the remander of their lives, any potential childhood sensitivity is
alreadyaccainted for.

4.7.2 Possble Gemler Differences

The piincipal sudy (Vos etal., 1990)only tested nale anmals. Other sudies howeer,
show no eviderce d gerder differences n the toxic respanses b TBTO.

5.0 Dos= Response Assessmets
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51 Ora Reference Dose (RfD)
5.1.1 Choice d Principal Study ard Ciitical Effect

The principd study is the chronic sudy on immunotoxicity in rats (Vos et a., 1990) This
study shows that TBTO causes toxicity to several components of the thymus dependent immune
system. The dose required to cause immunotoxicity is lower than the dose required to cause
toxicity to otrer organ systems.

5.1.2 Methodsof Analysis

The dat were aralyzed usig the NOAEL/LOAEL appoachard the Bertchmark dose
appoach Stardad unceitainty ard nodifying factors weke thenappled.

DESIGNATION OFCRITICAL EFFECT, LOAEL, AND NOAEL:

Based on the gudy of Vos etal (1990) the ciitical effectis immunosuppression (reduced
IgE titers and increase in T. spiralis larvae in muscle). The LOAEL is 0.25 mgkg-day and the
NOAEL is 0.025 ng/kg-day. Thes valueswere based on the auhors’ report that 5 ppmin the
dietis equvaent to 0.25 ng/kg bw-day:.

DERIVATION OFA BENCHMARK DOSE (BMD):

Benchmark dose aralysesfor continuous dat were conducted usng the pdynomial mean
response regression model (THC, I.C.F. Kaiser, 1990a)ard the Weibull power meanresponse
regression model (THCW, I.C.F. Kaiser, 19901. A 10%relative charge {reaed-
control/control) was clesenas te kenchmark respanse BMR). The BMD10 the lower 95%
confiderce und on the dase carespanding to the BMR) was catulated for the IgE titer, T.
gpirais larvae in muscle by digestion, and T. spiralis larvae in muscle by histology (Vos et d.,
1990) See Aperdix A. The BMD10 o 0.03 ng/kg-day wasused b egimate the Reference
Dose.

5.1.3 Ora Reference Dose Derivation

The reference dese of 3E-4 mg/kg-daywasegimated from the BMD10 o 0.03 ng/kg-day
for immunosuppression ard anuncettainty factor (UF) of 100 anl a nodifying facior (MF) of 1.
Uncettainty factors o 10 eachwere appled for uncettainty assaeiated wih exrapdating from a
laboratory animal species to humans and to protect sensitive humans.

5.2 Inhaation Refrence Cacertration

Adequat data are ot available o delive anRfC as he requirement for the minimum dat
base {.e. a 90dayinhaation bicassay has rot beenmet. The inhalation studies hat are aailable
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docunent irritation to the respratory system There ae o phamacdinetic sudies aailable
conducta moute-to-route extrapdation for exrarespratory effects. TBTO might cause
immunosuppression following ctronic exposure by inhalation.

53 CarcerAssessrmart

Because bthe quesbnable dat from the oassayin rats, EPA assgns TBTO to
categay D (underthe 1986 cacer guideineg or to the "camot be deermined” categay (under
the 1996 poposed carerguideines. See ao Secton 4.5.

6.0 Major Conclusionsin Characterization of Hazard and Do®-Regonse
6.1 Hazad Idenificaion

No human dat are awailable to characterize he toxicity of TBTO. A weath of daia from
laboratory animals, howewer, is available. These dat adequadly characterize he roncarcer
toxicity from oral exposure to TBTO. EPA has high confiderce n this assessert. The speas
studied nclude nonkey, dog, rat, ard nouse. In addtion there is a two-gereration reproducion
study ard severa developmental sudiesin rats ard mice. The piincipal Sudy ard a \ariety of
suppating fudiesconvincingly denonstrate that the citical effectfor TBTO isimmunotoxicity.
Some evidence indicates that young animals are more sensitive than adults to the immunotoxic
effects.

Limitations in the principd study include somewhat limited szes of the test groups lack of
testing of femaes, and exposure for only 18 manths. The chronic sudyin dogsis fatally flawed.
Other limitations includelack of a demonstrated NOAEL is some sudies, paticularly a
developmental immunotoxicity sudy (available only as an abstract) claiming a LOAEL only four-
fold higher that the NOAEL established by the principd study. The potential for neurotoxicity
has not been completely studied. These limitations, however, are not sufficient to require an
uncertainty factor for daa base limitations.

Animals are regularly exposed b a \ariety of organsmns that, under cettain circumstarces,
causenfecton. In mammals, physicalard crenical barriers, in conjunction with other forms o
nonspecific immunity, prevent some types of infections. In other cases, the host respondsto
spediic artigers assaiated wth the infecious agenor its pioducts. It iswel estblished that
immunosuppressed humans are less resistart to infection, ard that the type d infectons
developed dgpend on the affected arm of the immune system (e.g., decreased T-cell, accessty
cell, or antibody response). Resistance to infection is thus a hallmark of a normally- functioning
immune system; as such, many immunotoxicologists believe that challenge with an infectious
agert or trarsplntade tumor cels following chemcal exposure preseits the kest sunmation of
host immunocompetence, provided that an gppropriate (i.e., mached to the sugpected
immunologic defect) challengetest is used. Studies used to st the RfD for TBTO included
infecion with the passitic nematode Trichinella spralis because a dettin cel-mediated
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immunity was sugpected based on previoudy observed thymic arophy in exposed rats. In this
infection, adult parasites are found in the small intesting; gravid femde parasites release living
larvae whch migrate to host musck via the Hood ard lymph circulatory systens. The "godl"” of
the hot is to limit the number of migrating larvae snce this phase of the life cycle causes the
greaestdanage. The lost atacks he passite in three wayg. (1) a T-lymphocyte respase whch
eliminates adults from the intesting; (2) a T-cell dependent antibody response which limits
producion of larvae ly female palasites; ard (3) a canbined respase d artibodies {ncluding
IgE) ard accessy cels (macmophages,ecsinophils, ard basgphils) which destoy a pation of the
migrating larvae. A significart deceasen ary one o these espaises,or the cunulative effects
of more minor deceasesr more thanone protectve nmechansm, canlead b a geater number of
larvae ecysted n host muscles, aswasobserved n the pincipal sudy suppating the aal RfD
for TBTO. Table 9 d Vosetal (1990)alkso indicatesthat exposure to TBTO cansuppress
elimination of adult parasites. Althoughthis occurred a an exposure level of 50 mgkg of feed in
aged s, elevated brvae caints were also only obsewved n aged ats at 50 ng/kg of feed. While
aged ats appeaito be less suscefitle (in terms d appled efecive dse)to TBTO-medited
suppression of resistarce b infecion, the dat do sugges that debyed expulsion of adut
parasites may have contributed to or was espansible for the ekvated rumbers o larvae dsewved
in younger rats exposed to 5 ng/kg o feed.Althoughthis is specuétion, the dat preseried by
Vosetal. (1990)do not provide ewderce hat the increagd brvae lurders in exposed rats are
attributalde solely to suppression of the IgE response. Becaus resistarce D a \ariety of other
infecious agets has a stong T-cel componert, possble adwerse efects d TBTO exposure on
resistarce 0 other organsmns cannot be ruled out unless addional experiments ae dae.

Insufiiciert data are aailable to deermine the ciitical effectfor TBTO following exposure
by inhdation.

The pdential human hazad for carcinogericity for TBTO camot be deermined. A
bioassayin mice slowed ro excess timors. A bioassayin rats, however, showed same tumors in
endocrine organs (pituitary, adrenal medulla, and parathyroid). The sudy in rats is inconclusive
because bincreased mortality at the high dose,reduced sttistical power because bthe dase
spacng, ard the high ard variade backgiound rates for the wumors obsewved. A large rumber of
genetic toxicity sudies show that TBTO is not genotoxic.

6.2 Dose-Resporse

The quatitative esimate of human risk from chronic exposure to TBTO is based m
laboratory animal studies lecause o appopriate uman daia exst.

The human dose hat is likely to be without appecialde risk o dekterious roncarcer
effects following a Ifetime of oral exposute (the RD) is 3E-4 mg/kg-day. The overall confiderce
in thisvalue s high. The RID is 1/100h of the lower 95% confiderce ound on the kenchmark
response (10% relative response) for immunotoxic effects in rats dased orally with TBTO for 18
months. The total uncettainty factor of 100 ncludes10+old for extrapdation from laboratory
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anmals to pemle ard 10{old to protect sersitive lumans. EPA considers that ary addtional
uncertainty factor for data base limitations is not needed.

No appopriate dat are anailable © cakulate a reference cacertration (RfC) or carcer
slope factor.
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8.0 Appendices
Apperdix A. Benchmark Dose Analysis of data from Vos et al. (1990)
A. COMPUTATIONAL MODELS

EPA used oly commercialy awailable sdtware for the canputation. EPA used he
polynomial meanresponse regression model (THC, 1.C.F. Kaiser, 1990a)ard the Weibull power
meanresponse regression model (THWC, I.C.F. Kaiser, 19901).

THC F(d) = q, + SIGN M q, (0-dy) + ... +G (d-do)">
THWC F(d) = g, + SIGN x q, (d-d,) *

where:

d =dce

F(d) = awerage espmse atdose d

o> O » &, K = esimated paameters

SIGN = input indicaiing anincreasng or deceasng desefespase finction

For THC, the degee d the pdynomia wasset to the rumber of dose groupsminusone,
the carected sumof squaes (CSS) for eachgroup = (N-1) x (standard devation)?, the respanse
type was rdative (Kd) - H0)) / H0)), and no threshold was estimated. For THWC, the setting
were the same save that the lower limit of g, was set & 1. Althoughlower values of g, may
produce a btter fit to the dat (i.e. lower SS; ), the stapes 6 doserespmse cuves geerated
from the lower values dten lack a easmalde biological motivation.

B. DATA

EPA modded the IgE titer, T. spirdlis larvae in muscle by digestion, and T. spirdis larvae
in muscle by histology.

C. MODEL HT
EPA judged nodelfit by comparison of a test gatistic ( F) with F distribution at specfied
degees ¢ freedon (df; ,df,; numerator, derominator). WhenF equas or exceeds he appopriate
value n the Fdistribution tablesat 0.01, EPA concludesthat the nodel did not fit the dag.
F =(SS/dff) / MS)
where:

SS. . sumof squaes lack d fit (gererated ty THC)
MS.= pooled neansquae pure eror (gererated ty THC)
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df, = dose groups- paameters fit by THC
df, = degeesof freedon gererated by THC

D. RESULTS
Data Modeled THC BMD10 |Fit (F)
(ppm)
IgE titer (al exposure groups 6.41 2.08
IgE titer (omitting highest exposure) 0.68 0.246
T. spirdlis larvae by digestion 1.17 0.406
T. spirdlis larvae by histology 1.09 0.932
E. DISQUSSION

To appy the benchmark dose nethodology, EPA mustspedy a pecert of charge n the
assay(the benchmark respanse,BMR) that is considered bologicaly significart and adwerse.
Althoughvarying degrees of concordance have been established between changes in immune
function assays ard aterations in host resistarce (uder etal,, 1993) there is no gererally
accepid pecert of charge n functional erdpants that is takenas pedictive of anadwerse
outcome in the host resistarce (mmunotoxicology Techical Committee,1995) For this
assessment EPA has chosen aBMR of 10% (with a 95% confidence limit). EPA bases this
decision on its assessment of the analytical methodology (the measured value and its variabilit y)
ard the sbpe d the exposure-respanse elationship in the region of interest EPA concluded hat
usng a elative charge d 5% would be urreasmalde because bthe variahlity in results among
anmals. For exanple, the range d the sardard devation for the IgE titer is 43 o 124%o0f the
measued \alue;the range d the sardard devation for T. spralis larvae n musck is 24 © 75%
of the measired \elue. EPA concluded hat usng a elative charge d 20% would ke equaly
unreasmale given the seep shpe d the exposure-respanse elationship in the range d interest
ard the denonstrated carelation betweenthe eyposure causng the deceasen IgE titer ard the
depesson in host resistarce as sbwn by the T. spralis larvae h muscke. EPA's use ba elative
charge d 10%in this case howewer, does ot meanthat a relative charge d 9% is without risk
ard a elative charge d 11% represeis anunaccepéble risk a that EPA will always use aBMR
of 10%for immunological endpaints in the future.

As shown in the table alove, there is adequat fit of the methematical model to the
reported dah for eacherdpant modeled. The pdynomial modelard the Weibull model gave
idertical resuls for these da becausehe pdynomial modelused aly two pafameters [Q(0) ard
Q(1)] to fit the nodel In sucha casethe equabns for the wo modek are idertical EPA,
therefore, did not report the results of the Weibull modé.
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The IgE titer da@ following 15165 nonths of exposure shows a pateau atthe md ard
highdose (1.9+ 1.6 ard 20 £2.1 at5 ard 50 ppmrespecively). Whenfitting the pdynomial
model to these dad, the canputer program deceasestte catrol value aml increasestte respanse
at5 ppmto fit a ine o al four dat paints (see dosenved aml predicted values n table 1,
following). This operation essentially obviates usng the observed daa in the primary exposure
range d interest (0 to 5 ppm). For thisreasm EPA conducied anaddtional aralysis omitting the
daa at50 ppm This dat cersaring is anaccepéd procedue d acheving a letter fit to the
obsewned daa ard to acheve better correlation with the urderying biological phreromeron (U. S.
EPA. 1995c) Omitting the daa from 50 ppmleaesthree daa paints, two of which give a ron-
zelo respanse, but only one d which is statisticaly different from control (P<0.01). These da
still meet the minimum aiteria for gpplication of the methodology. Using the censored daa set,
the pdynomial model gives a nuchbetter fit to the doseved dah in the exposure range d
interest (compare observed aml predicted valuesin table 2)

Becausehe dat on IgE titer provide a neasue d the pimary biological respanse (he
depesseddE titer is anindicator of weakemed lost resistarce) ard the Letter fit to the dosewved
data in the exposure range d interest usng the caitrol, low, ard mid exposure groups EPA will
use the BMD of 0.68 ppm(equivalent to 0.034 ng/kg-day, rounded b 0.03 ny/kg-day) to
esimate the Reérence Dcse.
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Table 1. IgE titers (Table 3, Vos et al., 1990)
GROUP DOSE NUMBER OF CORRECTED SUM MEAN VALUE

ANIMALS OF SQUARES FOR OBSERVATIONS
1 .00000 9 32.000 3.8000
2 .50000 9 28.880 3.2000
3 5.0000 9 20.480 1.9000
4 50.000 9 35.280 2.0000

PREDICTED AND OBSERVED MEAN RESPONSES
LEVEL DOSE OBSERVEDPREDICTED

1 .00000  3.8000 2.9666

2 .50000 3.2000 2.9558

3 5.0000 1.9000 2.8584

4 50.000 2.0000 1.8849
SUM OF SQUARES LACK-OF-FIT ==> 15.174
POOLED MEAN SQUARE PURE ERROR ==>  3.6450
DEGREES OF FREEDOM ==> 32

MAXIMUM LIKELIHOOD ESTIMATES OF PROBABILITY FUNCTION COEFFICIENTS

F(DOSE) = Q(0) + SIGN * (Q(1) * (DOSE - DO0) + Q(2) * (DOSE -

DO)**2 + ...+ Q(3)* (DOSE - D0)**3)
Q)=  2.9666118041
Q(1)=  2.16338818983E-02
Q(2) = .00000000000
Q(3) = .00000000000
THRESHOLD (D0) = .00000000000
SIGN =-1.0

MAXIMUM VALUE OF THE LOG-LIKELIHOOD ==> -23.2293163007
CALCULATIONS ARE BASED UPON RELATIVE RESPONSE

THC LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RESPONSE

kkkkkkkkkkkkkkkkkkkhkkhkkhkkhkkkkkkkkkkkkhkkkkkkhkkkkkkkkkkkkkx

CONF.
LOWER BOUND LIMIT COEFFICIENTS FOR
RESPONSE  MLE DOSE ON DOSE SIZE CONFIDENCE LIMIT
.1000 13.71 6.4065 95.0% Q)=  3.0766
Q(1)=  4.80234E-02
Q(2) = .00000
Q(3) = .00000
THRESHOLD D(0) =  .00000
SIGN = -1.0
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Table 2. IgE titers (Table 3, Vos et al., 1990)
GROUP DOSE NUMBER OF CORRECTED SUM MEAN VALUE

ANIMALS OF SQUARES FOR OBSERVATIONS
1 .00000 9 32.000 3.800
2 .50000 9 28.880 3.200
3 5.0000 9 20.480 1.900

PREDICTED AND OBSERVED MEAN RESPONSES

LEVEL DOSE OBSERVEDPREDICTED

1 .00000 3.800 3.5855

2 .50000 3.200 3.4154

3 5.0000 1.900 1.8849
SUM OF SQUARES LACK-OF-FIT ==> 0.83388
POOLED MEAN SQUARE PURE ERROR ==> 3.3900
DEGREES OF FREEDOM => 24

MAXIMUM LIKELIHOOD ESTIMATES OF PROBABILITY FUNCTION COEFFICIENTS

F(DOSE) = Q(0) + SIGN * (Q(1) * (DOSE - DO0) + Q(2) * (DOSE -

D0)**2)
Q(0)=  3.5854868518
Q1) = 34010954467
Q(2) = .00000000000
THRESHOLD (DO)=  .00000000000
SIGN =-1.0

MAXIMUM VALUE OF THE LOG-LIKELIHOOD ==> -14.7779035170
CALCULATIONS ARE BASED UPON RELATIVE RESPONSE
THC LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RESPONSE

kkkkkkkkkkkkkkkkkkkkkhkkkhkkhkkkkkkkkkkkkhkkkkkkkhkkkkkkkkkkkkkx

CONF.
LOWER BOUND LIMIT COEFFICIENTS FOR
RESPONSE  MLE DOSE ON DOSE SIZE CONFIDENCE LIMIT
.1000 1.054 0.68190 95.0% Q)=  3.7764
Q1) = 55380
Q(2) = .00000
THRESHOLD D(0) =  .00000
SIGN =-1.0
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Table 3. T. spiralis larvae by digestion (Table 4, Vos et al.,

1990)

GROUP DOSE # OF CORRECTED SUM  MEAN VALUE
ANIMALS OF SQUARES FOR OBSERVATIONS

1 00000 9 2048.0 34.000

2 50000 9 2048.0 33.000

3 5.0000 9 5408.0 53.000

4 50.000 9 17672. 138.00

PREDICTED AND OBSERVED MEAN RESPONSES

LEVEL DOSE OBSERVED PREDICTED

1 .00000 34.000 34.259

2 .50000 33.000 35.318

3 5.0000 53.000 44.853

4 50.000 138.00 140.21
SUM OF SQUARES LACK-OF-FIT ==> 690.11
POOLED MEAN SQUARE PURE ERROR ==> 849.25
DEGREES OF FREEDOM ==> 32

MAXIMUM LIKELIHOOD ESTIMATES OF PROBABILITY FUNCTION COEFFICIENTS

F(DOSE) = Q(0) + SIGN * (Q(1) * (DOSE - D0) + Q(2) * (DOSE -

DO)**2 + .. + Q(3) * (DOSE - D0)**3)
Q(0) = 34.258561315
Q(l)=  2.1189762133
Q(2) = .00000000000
Q(3) = .00000000000
THRESHOLD (D0O) =  .00000000000
SIGN= 1.0

MAXIMUM VALUE OF THE LOG-LIKELIHOOD ==> -112.349631263
CALCULATIONS ARE BASED UPON RELATIVE RESPONSE

THC LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RESPONSE

kkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkhkkkhkkkhkkhkkkkkkkkkkkhkkkkkkkkkk

CONF.
LOWER BOUND LIMIT COEFFICIENTS FOR
RESPONSE  MLE DOSE ON DOSE SIZE CONFIDENCE LIMIT
.1000 1.617 1.1683 95.0% Q(0)= 29.974
Q(1)= 2.5657
Q(2)=  .00000
Q(3)=  .00000
THRESHOLD D(0)=  .00000
SIGN = 1.0
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Table 4. T. spiralis larvae by histology (Table 4, Vos et
al., 1990)

GROUP DOSE NUMBER OF CORRECTED SUM MEAN VALUE

ANIMALS OF SQUARES FOR OBSERVATIONS
1 .00000 9 5832.0 36.000
2 .50000 9 2592.0 39.000
3 5.0000 9 9248.0 55.000
4 50.000 9 59168. 145.00

PREDICTED AND OBSERVED MEAN RESPONSES

LEVEL DOSE OBSERVED PREDICTED

1 .00000 36.000 38.287

2 .50000 39.000 39.389

3 5.0000 55.000 49.303

4 50.000 145.00 148.45
SUM OF SQUARES LACK-OF-FIT ==> 447.65
POOLED MEAN SQUARE PURE ERROR ==>2401.3
DEGREES OF FREEDOM ==> 32

MAXIMUM LIKELIHOOD ESTIMATES OF PROBABILITY FUNCTION COEFFICIENTS

F(DOSE) = Q(0) + SIGN * (Q(1) * (DOSE - DO0) + Q(2) * (DOSE -

DO)**2 + ... + Q(3) * (DOSE - D0)**3)
Q(0) = 38.287078072
Q(1)=  2.2032704078
Q(2) = .00000000000
Q(3) = .00000000000
THRESHOLD (DO)=  .00000000000
SIGN= 1.0

MAXIMUM VALUE OF THE LOG-LIKELIHOOD ==> -125.568750151
CALCULATIONS ARE BASED UPON RELATIVE RESPONSE

THC LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RESPONSE

kkkkkkkkkkkkkkkkkkkkkhkkhkkhkkkkkkkkkkhkkhkkkkkkkkkkkkkkkkkkx

CONF.
LOWER BOUND LIMIT COEFFICIENTS FOR
RESPONSE  MLE DOSE ON DOSE SIZE CONFIDENCE LIMIT
.1000 1.738 1.0861 95.0% Q(0) = 33.189
Q(l)=  3.0559
Q(2) = .00000
Q(3) = .00000
THRESHOLD D(0) =  .00000
SIGN= 1.0
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Effect of TBTO in Rats
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Apperdix B. Summary of Comments from External PeerRevewers.

Eachof the external peerreviewess ageed hat the dacument adequadly summarized he

toxicologicaldata on TBTO. Eachreviewerrecanmended accepince d the dacument with
revison. The siggesions for minor revisions, accepéd by EPA, are rot discussed further. The
more sulstantive canments, ard EPA’s resdution of the issueare sunmarized l@low.

1.

Onre reviewerwas ‘surprised” that spediic mention was ot made d the appaent lack d
neurotoxic effects given the well known neurotoxicity of trimethyltin and triethyltin.

None of the gerral toxicity sudiessuggesed that neurotoxicity might be the ciitical
effect Ore gudyin dogsgawe a gight suggesion of neurotoxicity (ataciic gat ard
apaty). Howewer, as moted in the dacument, this study was sgnificartly flawed. Ore
dewelopmerta sudy investigated ®me neurological erdpaints. No focused dudieson
neurotoxicity have been pubished. The only relevant information, therefore, is the lack of
clinical signs d neurotoxicity ard the lack d histopathological charges n studies n which
nervous tissue was examined. Based on this limited information, EPA does not believe
that anexensive dscussin of the lack d neurotoxicity is waranted. EPA, howewer,
added a sme material in Section 4.4. on the appaent lack d significart neurotoxicity.

Severa reviewes requesed addng references glating to the passble mechansm of
toxicity (inhibition of ATP synthesis in mitochondria and apoptosis, programmed cell
desth, in the thymus) and relating to n vitro gudies on developmental toxicity.

EPA agrees that including this méteria will improve the document. EPA modified section
3 ard secton 4.3 to incorporate this material.

Ore reviewerrequesed addng anaddtional reference an the role of age o the
immunotoxic effects. (R. J. Smialowicz, M. M. Riddle, R. R. Rogers, R. W. Luebke, and
C. B. Copelnd. 1989. Immunotoxicity of tributyltin oxide n rats exposed asaduts or
pre-wearlings Toxicol. 57:974111)

EPA originally excluded his reference kecause bthe slort duration of dosing (10 total
doses)ard becauselte deses used e&eededhose useddr sukrhronic ard chronic sudies
focused on immunotoxicity. EPA agrees, however, to includethis reference in section
4.4.1. (Developmental Immunotoxicity) as it does relate to potential toxicity to an
important subgroup o the pgoulation.

Onre reviewerrequesed addig a eference  the first obsewation that TBTO induced
thymusweight reduction. (N. Funahashi, I. lwasaki, ard G.lde. 1980. Acta Patol.
Japan 30:955966)

EPA agrees bhat this obsewation is of historicalimportance ut decines b include a
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discusspn of the resuts in this document. The efects were obsewved bllowing a sngle
oral dose of 100 ng/kg a by gawage @, 6, or 12 ng/kg) during three axdl sx months.
These doses are far in excess of those used in the focused immunotoxicity tests used to
esiblish the ciitical effect In addtion, the full studywas pulished in a Japaese purnal
ard a rarslation is not presernly available.

Ore reviewerquesioned the careciness d the cawersion from TBTO in the det to the
dose in mg/kg ody weight-dayin the Vaos et al. (1990)study (the principal sudy). The
reviewercited the diference n dose n mg/kg body weight-day betweenthe Vos etal
(1990)gudy ard the Vedier etal (1991)sudy eventhoughthe cacertration of TBTO in
the det was he sam.

EPA relied on the information in eachpulication for the dasses m mg/kg body weight-day.
Neither pubication provided the ddail required to confirm the calculation or to determine
the variability in the estimate. As noted by the reviewer, the researchers used different
strains o rats with different body weights. In addition, the rats were of different ages.
Verdier etal dosed young SpegueDawley rats (4-5 weeksold) for 28 dag. Vosetal
dosed Wstar rats for 18 nonths. Given the dedine in food consumption with age,it is
logical that the average dee n the chronic suudy would be lower eventhoughthe
concertration of TBTO in the det was he sare.

Ore reviewerquesioned whether the lowed dose tested ty Vos etal (1990) selected ty
EPA as he NOAEL, was te NOAEL or anurrecagnized efectlevel. The reviewer cited
a rumber of reasms for questoning EPA’s cacluson. These ncluded segra charges
obsewned atthe lowestdose lut which did not reachstatistical significarce, the cltarges n
natural Killer cell activity, the potential for other more sensitive effects within the immune
systemthat were not measued, effects in other studies n which a NOAEL was ot
edablished, ard some in vitro sudiessuggesing the pdential for effects at doses
comparale or lower thanthe lowestdose n Vos etal. Based o these cosiderations, the
reviewersuggesed t was"premature ard probaldy inaccuete” to consider 0.5 ng/kg det
(0.025 ny/kg lody weight-day) asa NOAEL in the alsence d further sudies In lieu of
suchgudies the reviewersuggesed usng anaddtional uncertainty factor.

EPA regjects the suiggesion of usng anaddtional uncettainty factor in deiiving the
reference dsse. As noted by the reviewer, the Berthmark Dose nethodology, used ©
derive the ciitical dose,uses a sttistical appioachto compersae for the rumber of animals
tested and the biological variahilit y anong animals. For the reason stated in the document,
EPA concluded that changes in the natural killer cell activity would not be used to derive
the reference dose. Althoughit is possible that some other changes in the immune system
occur atthe lowestdaose,no defnitive dat estblish thisfact In sucha caseit has leen
EPA’s shrdard pracice rot to assgn anaddtional uncertainty facior whenthe nmgjor
toxicological erdpants have beenadequadly evaluated. Finally, without pharmacdkinetic
datait is impossible to relate in vitro to in vivo doses.
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If new data denonstrate efects ator below a dese of 0.025 ng/kg-day, EPA will
reewaluate the reference dasse br TBTO.

This revieweralso requesed a dscussin of the quanitative efecton the reference dse
should a bwer NOAEL be asigned.

Becauselte Berthmark Dose nethodology was usedd deermine the ciitical dose LED,,
with 95% confiderce) usng daa on IgE titer, the same reference dee (3E-4 ng/kg-day)
would be delived whether the lowes dose is asigned a NOAL or LOAEL. Onthe aher
hand, if a diferent benchmark respamse fad beensekcted LED,; with 95% confiderce),
thenthe reference dse wauld decease B a facior of two.

If a diferent critical effect had beenused o deiive the reference dse,suchas he decease
in natural Killer cell activity in spleen, then EPA would have deived alower reference
dose. Because Dthe lack d a dsetespase eationship for this effect, applcaton of the
Benchmark Dose method would not have yielded a neanngful result. If EPA asigned he
LOAEL for this erdpant as0.025 ng/kg-day, EPA would appy a tal uncettainty factor
of 1,000. The reference dese would have been3E-5 mg/kg-day (after rounding to one
significart digit).

If a rew study showed efects at a dese lower than0.025 ng/kg-dayard the rumber of
animals tested, the number of doses, the biological variability, and dose-response dope
were comparale to the Vos etal (1990)sudy, thenthe derved reference dse would
deceaseiheaty with the deaine in NOAEL or benchmark respaise {.e., a two-fold
deceasen NOAEL or benchmark respanse wauld resuk in a wo-fold deceasen the
reference dose.

One reviewer requested mare discussion of the relevance of the immunological endpants
to a human heath risk assessanrt.

It has keenEPA’s sardard practice © conclude tat a bologicaly significart effectin
laboratory animals is relevant to a human health risk assessment, urless there is some
convincing rationale to excludethe effect. EPA concludes that the immunotoxic endpaints
reported ty Vos etal (1990)are bologicaly sgnificart ard indicate a pdential hazad to
pemle. EPA has augneried secton 6 (Major Conclusions in Characterizaion of Hazad
ard DoseRespaise) to make that conclusion more appaent.
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